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Abstract i 
Abstract 
(CH2PPh2)2], 2, have been synthesized from the reaction of (OC)5 W(NH2Ph) and 
W(C0)5, 3, and (CO)s W {µ-PPh2CH2PPh[W(C0)5] CH2PPh2}, 4, have been prepared. 
Attempts to obtain (OC)s WPPh2CH2PPh[W(CO)s]CH2PPh2 W(CO)s were unsuccessful, 
yielding instead (CO)s W[µ-TJ 1,112-PPh2CH2(PPhCH2PPh2)W(C0)4], 5, and (CO)s W[µ-
Tl 1,ri2-PPh-(CH2PPh2)]W(CO).i, 8. 
The isomerization reactions of (CO)s W[ Tl 1-PPh2CH2PPhCH2PPh2] and 
(CO)sW[TJ1-PPh (CH2PPh2h] were monitored independently by 31 P{'H} NMR 
spectroscopy. Equilibrium constants and rate constants, k1 and k.1, for the isomerization 
were determined at 55 °c, 40°C and 25 °c. 
T bl 1 E Tb. a e . ,qm l num an d rate constants or -+ 
Temp. (K) K k1 (s- 1) k..1 (s- 1) 
298 8.50 1.50 (2) e·O 1.76 (2) e·' 
313 5.99 2.47 (2) e·O 4.13 (3) e·' 
328 4.85 3.98 (3) e·O 8.21(5) e·' 
A !:lS# value of -220 eu was found for the isomerization reaction, 2 =+ I , is 
consistent with an associative 7-coordinate transition state and with a mechanism in 
which the dangling phosphine ligand interacts with the cis carbonyl groups to facilitate 
the reaction. 
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Introduction 1 
Chapter I. Introduction 
Phosphines containing two or more phosphorus atoms linked together by chains 
of carbon atoms are of increasing interest as multifunctional ligands. Since the early 
reports on simple bi- or tridentate tertiary phosphines such as Ph2PCH2CH2PPh2 (dppe)1-7 
and PhP(CH2CH2PPh2h (dpep),8-10 a considerable number of novel and 'tailor made' 
.. 
phosphine ligands have been synthesized. This polyphosphine chemistry started to boom 
after the 1960s for many reasons including the role of phosphine complexes in 
homogeneous catalysis and organic synthesis, the ability of phosphines to stabilize low 
oxidation state transition metal complexes, and also the development of sophisticated 31 P 
NMR techniques. These phosphines produced an extremely rich coordination chemistry, 
the most striking example being the enantiomeric selectivity achieved in homogeneous 
hydrogenation by use of chiral phosphine complexes as catalysts. 
The phosphines, although weaker bases than amines of comparable structure, are 
in general much stronger nucleophiles toward metals in low oxidation states. The 
reactivity of phosphines is therefore governed to a great extent by their nucleophilicity, 
which depends strongly on the nature of the substituents on phosphorus. Phosphines have 
a dual reactivity because they can act as cr- Lewis bases and as n- acceptors by virtue of 
vacant cr* and/or phosphorus 3d orbitals. This biphilic character 11 accounts for much of 
the general reactivity patterns of phosphorus(III) compounds in main group and transition 
metal chemistry. By a cooperative interplay of steric and electronic properties of their 
Introduction 2 
donor groups, polydentate phosphine ligands may increase the nucleophilicity of the 
Lewis acid center to which they are bound. 
The electron donor-acceptor strengths of various phosphine ligands have been 
extensively studied. 12"16 The earlier studies more or Jess depended on the C-0 stretching 
frequency shifts in substituted meta! carbonyl complexes and were interpreted in terms of 
. 
the 7t- bonding ability of the ligand. It is clear that the more electron-withdrawing 
substituents give higher CO stretching frequencies, while the better a- donor phosphine 
ligands will lead to a greater M(d7t)~ CO(n*) back- donation and lower CO stretching 
frequencies. Electronic effects (a- donor ability) of phosphine ligands have been 
measured in terms of the basicity of the ligand and many pKa values have been 
determined. 11· 19 However, steric effects of different phosphine substituents were 
somewhat ignored until the early 1970s.20·21 The steric effects can even be dominant in 
terms of the stability of complexes. Since then numerous studies have appeared using 
both an electronic parameter X and a steric parameter for the cone angle, e. Alternative 
methods for the analysis of steric and electronic influences on complex properties have 
become available, 22·23 but these are not discussed here. For bidentate and polydentate 
phosphine ligands, the intrinsic geometry of the ligand skeletons, i.e. their flexibility and 
connectivity, seems to be of greater importance in some instances than the steric demand 
of the individual donor groups. The electronic effects, steric effects and ligand bite 
angle,24 which will be discussed later in this document, are collectively called ligand 
Introduction 3 
parameters. The phosphine ligands with P-Cn-P units include bidentate, tridentate, 
tetradentate and macrocyclic phosphine ligands. Some higher order polydentate 
phosphines are also known. In spite of the large number of publications on the 
coordination chemistry of bi- and polydentate phosphines, the preparation of P-Cn-P 
bonds with very few exceptions follows six general reaction routes: 25 
( 1) The reaction of halogenophosphines with organometall ic reagents (RLi, 
RMgX). 
(2) The reaction of metallated phosphines R2PM (M= Li, Na, K) with organic 
halides. 
(3) The reduction of phosphine oxides and sulfides or derivatives of phosphinous, 
phosphonous, phosphinic or phosphonic acids. 
(4) The addition of PH3, primary or secondary phosphines to unsaturated 
phosphorus compounds or olefins and acetylenes. 
(5) The deprotonation of phosphines in two phase systems such as dmso/H20/ 
KOH or dmf/H20/NaOH and subsequent reaction with CH2Ch. 
(6) The use of C-Si cleavage reactions between diorgano[(trimethylsi lyl)methyl] 
phosphines and chlorophosphines. 
Extensive work has been performed over the past several decades in the area of 
bidentate ligands as they relate to homogeneous catalysis.26·30 In addition many 
researchers extended the knowledge of tridentate phosphine ligands. Tetra- and higher 
Introduction 4 
order polydentate ligands and macrocyclic phosphine ligands have received little 
attention. 
Within this context, our particular concentration was focused on tridentate 
phosphine ligands. The chemistry of tridentate phosphines was pioneered by Chatt and 
coworkers31 and the progress in this area has been discussed in a series of' reviews. 32-37 
The phosphorus atoms in tridentate phosphines may be interconnected (a) linearly or (b) 
branched tripod-like, leading to different coordination chemistry. 
(a) linear type 
() = (CH2)n or o-C5H4 
n = 1-3 (b) tnd type 
= (CH2)n 
n = 0,1 
Specifically, bis( diphenylphosphinomethyl)phenylphosphine, . 
Ph2PCH2PPhCH2PPh2 (dpmp) complexes have been investigated in our study. Our 
interest was limited to linear tridentate phosphine ligands. 
Introduction 5 
Ph2PCH2SiMe341 is used as the major starting material for preparing linear tridentate 
phosphine ligands. 
~~ 
_ M_e_P_c_12 __ ~ Me2P PMe PMe2 (2) 
Table 1 shows some linear tridentate ligands and references to their synthesis.42·55 In 
addition, 2,6- bis(diphenylphosphino)pyridine, [(Ph2P)2py]56 and bis(diphenyl-
phosphinomethyl)phenylarsine, (dpma)57 have been previously studied. 
Dpmp is a valuable ligand for organometallic syntheses for many reasons: 
( l ) Different classes of coordination patterns such as chelating, 
bridging and dangling with multiple degrees of coordination unsaturation 
(mono, di, tri) are possible. 58"65 
(2) Complexes may exist in several (0, + l , +2, +3) non-classical oxidation 
states.66 
(3) Metal clusters may be prepared and stabilized.67·70 
Introduction 6 
(4) Metal-metal interactions may be promoted.71. 26 
(5) Small clusters of this ligand, because of its small bite angle, are good minimal 
models for the surfaces of heterogeneous catalysts.72 
(6) Novel homogeneous catalysts that are not established with monophosphines 
may be prepared.73-75 
(7) Tunable photo- and electrochemical materials may be prepar~d.76-8 1 
(8) Gold(D complexes with gold-gold interactions that exhibit luminescence may 
be prepared. 82-88 
After its first synthesis in 1979 (reaction 4),38 dpmp attracted widespread interest 
all over the world and quite a few studies have been carried out. 
PhPCl2 (4) 
In 1983, Balch and coworkers reported that dpmp is capable of functioning as a 
bridging or a chelating ligand as shown in 1 and 2 or 3, respectively.55• 89-9 1 They also 
found that89 the reaction of a dichloromethane solution of 2 or 3 with (C0)4Rh2(µ-Cl)2 
forms 4 or 5 , respectively. 
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2, Mln= PdCl2 
1 3, Mln= Mo(C0)4 
co 
Cl 
4, Mln= PdCl2 
5, Mln= Mo(C0)4 
They also reported58 that 1 can undergo rapid bridge-terminal chloride exchange as 
shown in equation (5). 
---, + 
CH2--- ---- CH2 --- I PhzP__.. PPh PPh2 I / Cl I Cl--- I co 
Rh Rh __.. Rh / 
oc/I o/I I 
Ph2P PPh PPhz 
--- CH __.. --- / 2 CH2 
---, + 
CH2--- ---- CH2--- I 
Ph2P__.. PPh PPh2 I Cl --- I co I co 
Rh/ Rh / Rh / (5) 
oc/I I ci/I 
Ph2P PPh PPh2 
--- CH __.. --- / 2 CH2 
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In the same year as part of a study of the use of poly-functional phosphine ligands 
Balch compared59· 90· 92 the above results of dpmp with 2,6- bis(diphenylphosphino) 
pyridine, [(Ph2Phpy].56 The Rh(D formed a tetra-nuclear complex, 6, instead of a tri-
nuclear type complex, 1, and Pd(Il) formed an I 8-membered ring, 7, instead of six 
membered ring like 2. 
6 7 
The metathesis reaction of 1 with iodide and bromide91 resulted in slight structural 
changes and Rh-Rh interactions were observed enabling them to conclude that dpmp can 
accommodate changes in Rh-Rh separations and Rh-Rh-Rh bond angles (see 8 and 9). 
---- ----Ph2P \ PPh P.I Ph2 I/ I ;co\ 
Rh ------ Rh - Rh-
OC --- I ·····-··+.\ / I co 
Ph p PPh PPh 
2 ---- ---- 2 
8, X= I 
9, X= Br 
Introduction 9 
In 1985, the same group reported93 coordinatively unsaturated halocomplexes 
[Rh3(µ-dpmp)2(µ-CO)(CO) (µ-X)Xt, 10-12, that are reactive toward the addition of 
small molecules. 
10, X=CI 
11 , X= I 
12, X= Br 
For example, carbon monoxide reacts to form corresponding tri-carbonyls 1, 8 
and 9, reported earlier. Similarly, other small molecules including sulfur dioxide, 
acetylenes bearing electronegative substituents, and isocynides were added to these 
dicarbonyls. 
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A later comprehensive study of the oxidative-addition behavior of the tri-nuclear 
Rh(l) complexes was reported66 as shown in the scheme I. 
Scheme 1 
+CO +CO 
Rh3(µ-dpmph(COhl2 + 
• 
Rh3(µ-dpmp)2(CO)Jl2 + 
• 
Rh3(µ-dpmph(C0)412 + 
-CO ll, -CO . 
Rh3(µ-dpmph(C0)2l4 + 
-CO Rh3(µ-dpmph(CO)J14 + -C~ I +CO 
12 
Rh3(µ-dpmph(CO)l4 + Rh3(µ-dpmph(CO)l6 + 
Balch concluded93 that this behavior resulted from dpmp's considerable flexibility,90 
allowing it to span a variety of metal-metal separations and accommodate a number of 
different angular dispositions of those metals and their ligands. They proposed four 
different bridging geometries for two equivalent dpmp ligands and presented them as 
Newman projections as shown: 
Introduction 11 
13, cis 14, trans 
15, kinked 16, bent 
The following cis and trans structures were also reported in 1985.73 
co 
/p~ I ~p~ 
Ln~ _/P-Rh-P'-. /ML0 
p I "- p 
Cl 
trans; 17, Mln= PdCl2 
18, Mln= Pt(CH3h 
19, Mln= PtCl2 
20, Mln= Mo(C0)4 
Cl 
/p~ I 
L0M P-- Pt-- CI 
"-p_/ I 
cis; 21 , ML,,= Pt(CH3), (P 1 
p\/ 22, Mln= PdCl2 
23, Mln= Mo(C0)4 
Mln 
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A summary of dpmp reactions that lead to mono-nuclear complexes is shown in 
Scheme 2.73 
Scheme 2 
Pd(dpmp)C'2 
CH2Cl2, bis(benzonitrile) 
Palladium(ll) 
CH2Cl2. Pd( dpmp) Br 2·~-1-.s-=(c'"""o...;.o_)_P_dB-r2 __ _ dpmp 
Pd(dpmp)l2 
Meli, 
ethyl ether 
Pt( dpmp )(CH3h 
1,5-COD PtCl2. 
CH2Cl2 
l 
Pt(dpmp)Cl2 
Mo(dpmp)(C0)4 
.. 
_ __ c_r(_c_o _)s_. --- Cr( dpmp )(C0)4 
toluene 
W (dpmp)(C0)4 
Pt( dpmp )(CNh 
Balch's group discovered important structural conformations in six- membered 
chelated rings, where dpmp adopts the boat conformation, 24 when the lone pair on the 
central phosphorus is unbound and skew-boat conformation, 25 when the central 
phosphorus atom is bonded to a metal. 
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24, boat 25, skew-boat 
In 1986, they extended 94 their work by replacing the central atom on dpmp with 
arsenic, bis(diphenylphosphinometyl)phenylarsine, (dpma).57 Dpma behaves similarly to 
dpmp forming tri-nuclear metal clusters. The flexibility of the methylene connection in 
these ligands allows expansion and contraction of the metal-metal separation over a wide 
range (2.2- 4.2 A 0 ) 
Gold(l)-gold(l) interactions in complexes of dpmp and dpma were observed in 
1990.95 (This area was extensively studied by Laguana and coworkers, see scheme 6). 
Other complexes96• 97 containing two dpmp ligands adopt a structure with one s ix-
membered ring and one four-membered ring (26-28). Interestingly, this was the first 
example of a four-membered dpmp ring. Previously it had been assumed that four-
membered rings were unlikely because of ring strain. 
26, M= Pd 
27, M= Pt 
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Complexes containing two d8 metal centers frequently adopt a 4:4 face-to-face structure 
29, but equation (6) shows an uncommon 3:5 alternative face-to-face structure, 30 and 
31. 98 The 3:5 complexes were found to be a new structural class that shows 
luminescence.98• 99 
L L 
L L 
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In 1988, Seddon and coworkers of Great Britain reported 10° Fast Atom 
Bombardment Mass Spectrometry (FAB-MS) data for dpmp and its platinum(ll) and 
palladium(II) complexes. The suggested fragmentation pattern of dpmp is shown in 
Scheme 3. 
! 
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Seddon's group also cleared up the confusion that existed in the literature for the 
dpmp ligand. They corrected 101 the 31P NMR data for dpmp first reported in 1979 by the 
Appel group41 and left uncorrected by the Balch group,89 and analyzed the spectrum as a 
second order AB2 pattern, bP(tcnninat> = -22.46 ppm, 8 P(t:en1 r.1l> = -32.66 ppm and 21pp= 115.9 
Hz. They also extensively studied platinum(II) complexes of cis- and trans-[PtCii{ (µ-
·~ 
dpmp)PtCiihl and characterized them by 1H, 31 P and 195Pt NMR Spei;:troscopy, filling in 
some data unrecorded by Balch group. 
Further advances in dpmp chemistry were reported in 1995 when Yamamoto and 
Tanase introduced102-10" novel methods of making metal cluste rs. They used a custom-
made di-metallic precursor to synthesize new types of di- and tri-nuclear dpmp 
complexes of palladium and platinum (Scheme 4). The reported matrices are thought to 
be impo1tant for mimicking metal surfaces and exploring catalytic behaviors not 
estab lished for complexes with mono-nuclear metal centers. 
In 1997, the same workers reported 105 a general method for generating metal-
metal bonds as shown by the following simple reaction in equations (7) and (8). 
M1--M1 (7) 
(8) 
The zero-valent dpmp complexes [M0(dpmp)i], ( 18e and M0) were prepared by reduction 
of M 11Cl2(dpmp), ( 16e and M+2) in the presence of dpmp and NaBH4 (M=Pt, Pd and Ni). 
L 
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These syn- and anti- dimers shown in Scheme 4 are very good precursors of 
trimetallic systems, having the capacity to trap zero-valent platinum or palladium atoms 
to afford novel linear tri-nuclear clusters, [Pt2M(~t-dpmph(RNChf+. These have 44 
valence electrons and may be useful for mimicking the interactions of heterogeneous 
catalytics with small molecu les.78· 106 
AA -i 2+ 
p p p 
I I I 
L - - M-- Pt-- Pt-- L (9) 
i ! I 
p""-/PV,P 
In 200 I, the Yamamoto and Tanase group discovered 107 novel type double 
insertion of alkyne (RC=CR) units into the Pt-Pd and Pd-P centers site-selectively 
occurring on the Pt-Pd hetero-metallic site. This can lead to development of new 
homogeneous catalysts that are not establi shed with monometallic centers (Scheme 5). 
Later, they also developed76 Pt-Pt-M (M = Rh, lr) hetero metallic clusters with d9-
d9- d8 metal combinations, [Pt2{MCIL}(µ-dpmphL] 2+, particularly coordinatively 
unsaturated 3:2:4 clusters which were subsequently converted to 3:2:5 clusters by 
reaction with isocyanide molecules. 
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In 1998, Laguana and coworkers of Spain reported 108 mono-, di-, tri- and tetra-
nuclear gold complexes with dpmp ligand, with gold centers in the oxidation states I. III, 
and a mixture of both. They also reported that only gold(I) derivatives have luminescence 
properties, while gold(fII) and mixed gold(I)-gold(ill) complexes do not. 
Scheme 6 
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Later in 2000, in collaborative work with German chemists the luminescent tri-
nuclear gold(!) complexes109 were spectroscopically characterized. Similar gold(!) 
complexes of dpmp were descrbed by Yam and coworkers of China in 1999. 11 0 
Our interest in bis(diphenylphosphinomethyl)phenylphosphine, (dpmp) arose for 
several reasons. First, few studies of octahedral complexes have been reported and no 
. 
non-chelated metal carbonyl complexes have been prepared previously. In contrast all the 
W(CO)s 
I 
Ph2P~,~PPh2 
Ph 
/'~P~ (OC)sW p I PPh2 
Ph2 I Ph 
W(CO)s 
~~~ (OC) W p PW(C0)5 
5 Ph2 I Ph2 
Ph 
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The question arose, would it be possible to synthes ize the fo llowing analogous 
dpmp complexes? 
W(CO)s 
~'~ Ph2P I PPh, 
Ph 
(OC)5WP~ P~PPh2 
Ph2 I "· 
Ph 
' 
W(CO)s 
I (OC)5WP~ P~PPh2 
Ph2 I 
Ph 
(OC)5W P/"-._ P /"---PW(CO)s 
Ph2 I Ph2 
Ph 
W(CO)s 
(OC)5W P~ ~ /"-PW(CO)s 
Ph2 I Ph2 
Ph 
Are these complexes unstable with respect to chelation or were previous reaction 
conditions reported by balch55· 89-9 1 unfavorable for their formation? The dangling 
phosphine complex (OC)sW[ri1- PPh2CH2PPh2] 112 is qu ite stable with respect to chelation 
suggesting that it should be possible to make similar complexes with dpmp. 
Our approach to obtaining dangling ligand complexes of dpmp was to carry out 
reactions with various stochiometnc ratios of dpmp and (OC)sWNH2Ph under conditions 
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that minimize chelation. For example, with an excess of dpmp one might expect to obtain 
complexes with two dangling phosphino groups, while with an excess of (OC)5\VNH2Ph 
one might expect all phosphino groups to be coordinated. Intermediate stochiometric 
reactant ratios were expected to yield complexes vvith one dangling phosphino group. 
The most important part of this project was to monitor the isomerization of 
. 
linkage isomers. 
(OC)5WP~P~PPh2 
Ph2 I (11) 
Ph 
(OC)5W P~ P ~PW(C0)5 
Ph2 I Ph2 
Ph 
W(CO)s 
I 
(OC)5W P~ P~PPh2 
====:: Ph2 I 
Ph 
(12) 
The occurrence of linkage isomers, their interchange, and their stability have been 
discussed in relation to hard-soft acid/base theory, steric and electronic effects. solvent 
effects, and kinetic effects. 11 3• 114 
It was a long held assumption that exchange of coordinated and uncoordinated 
phosphines in dangling ligand complexes, M(C0 h(ri1-L-L), (M Cr, Mo, W ; L-L = 
polydentate phosphine) is so slow as to be insignificant. It was reasoned that stability 
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with respect to chelation implied stability with respect to phosphine exchange as well. In 
1994, our research group reported 115 the isomerization of (0C)5 WPPh2CH:!CH(PPh2)2, 
which was bel ieved to be the first experimental evidence for exchange of the terminal and 
coordinated phosphine groups in pentacarbonyl complexes of group 6 metals. 
More recently the group reported phosphine exchange in other linkage isomers of 
pentacarbonyltungsten complexes. 116-118 
(OC)sW[PPh2CH2P(p-tolh] 
(OC)sM[ PPh2CH2CH2P(p-tol)2] 
(OC)sW[ P(p-tolbCH2PPh2] (14) 
(OC)sW[ P(p-tolbCH2CH2PPh2] (15) 
All of these phosphorus exchange reactions are faster than the chelation. At 55 °c 
variable temperature kinetic and thermodynamic studies confirmed that these reactions 
proceed essentially by an associative mechanism and perhaps involve a quasi seven 
coordinate activated complex. Reaction (13) is four orders of magni tude faster than 
reaction ( 15) and two orders of magnitude faster than reaction ( 14 ). It was suggested that 
fast isomerization occurs only if a short dangling arm is present that can interact with the 
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cis carbonyl groups. It was postulated that this interaction leads to a weakening of the 
coordinated phosphine. It was further reasoned that reaction ( 13) is especially fast 
because two dangling phosphines were present, one to activate the bound phosphine and 
one to displace it. In reaction (11) there arc also two dangling arms and so if our model 
holds one would also expect this isomerization to be fast. If, on the other hand, the 
reaction proceeds no faster than (14), it would suggest that two arms are n~ better than 
one and our model would have be relaxed. Reaction ( 12), without a second dangling arm, 
would not be expected to proceed faster than (14). 
Finally, we have attempted to confim1 the intriguing possibility. based on our 
previous mechanistic model, that the coordinated phosphorus atom in (0C)5[r( 
PPh2CH2PPhCH2PPh2] will isomerize to form its fluxional equivalent without the 
appearance of the centrally-bound phosphorus isomer. The central atom, by interacting 
with the cis carbonyl groups, may serve mainly to accelerate exchange between the two 
end phosphine groups as opposing to itself becoming coordinated to the metal. 
In this work too our goal was to monitor the concentrations of the linkage 
isomers, measure equilibrium constants at several temperatures, and obtain values of 
~H0, ~s0, ~G0, ~H#, ~S#, and ~G# for the isomerization reactions. 
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Chapter II. Results and Discussion 
A. Synthesis and characterization of bis(diphcnylphosphinomethyl)phenyl 
phosphine , dpmp. 
The tridentate ligand dpmp was prepared as described by Appel et al41 , by 
·~ 
reaction of the precursor (CH3)JSiCH2PPh2 (which itself is prepared fr.om NaPPh2 in 
liquid ammonia119• 120) with PPhC'2 to give a 68% yield. 
liq. NH3 (1) 
R.T 
liq. NH3 (2) 
R.T 
130°C-140°C ..._ 
- Ph2PCH2PPhCH2PPh~ + Me3SiCI (3) 1h 
The 31 P{ 1H} NMR spectrum of (CH3):~SiCH2PPh2 showed a singlet at - 21.55 ppm (Fig. 
l). The 1H NMR spectrum (Fig. 2) showed two singlets 8 0.01 ppm (9H, CH3), o 1.4 ppm 
(2H, CH2) and a multiplet o 7.2-7.6 ppm (lOH, C6H6). 
In 1989 Seddon and coworkers described an alternative facile synthesis101 of 
(CH3) 3SiCH2PPh2 from triphenylphosphine, which gave an 82% yield of dpmp when 
treated with lithium diphenyl phosphide in tetrahydrofuran at room temperature. 
Although our melting point (138° C- 139° C) is higher than that reported by Appel41 
(l22°C- 123°C), it is slightly lower than that of Seddon 101 (140° C- 141 ° C). 
Spectroscopic data unambiguously established the identity and high purity of our dpmp 
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compound, however. 
The 31 P{ 1H} NMR spectrum of dpmp was interpreted as a second-order AB2 spin 
system (Fig. 3) and the magni tude of the coupling constant was determined by the 
following expression: 
J AB = 1/3 [(v3- Y6) + (v4-V1)] (4) 
The peaks were assigned according to Bovey's text on NMR, 121 with JAB~ 114.2 Hz, !iv 
. 
= 1268.9 Hz and J An/ 6v = 0.09. The characterization is similar to, but not identical with, 
that reported elsewhere.41. io1. 89 \Ve find, however, some important interpretation 
differences. Table 2 presents our derived parameters, along with those reported by 
Appe141 , Baich89 and Seddon 101 . Balch's data are cJeaily in error as an AB2 system can 
only exhibit two chemical shifts; Appel's d:ita were recorded at !ow field strength, and 
the resulting eight line spectrum was misinterpreted. Seddon's data are strongly in 
agreement with our data. The AB2 pattern for dpmp was reproduceded by computer 
simulation (Fig. 4). The number of spin nuclei is 3. When 8 - 22.7 ppm, S - 32.9 ppm, 
and J pp = 114.2 Hz were entered, the model spectrum perfectly fit the observed spectrum. 
The NUTS software program was used to simulate the spectra. 
In agreement with Appel and Seddon, we find that the 1H NMR spectmm of 
dpmp (Fig. 5) shows two multiplets, the methylene resonances (4H) occur in the range 
2.45- 2.65 ppm; the phenyl signaJs (25H) are in the range 7 .20- 7.40 ppm. The methylene 
signals (Fig. 6) result from a seven spin system, A2B2MY 2 (three phosphorus atoms and 
four hydrogen atoms) but could be analyzed as a simple AB quartet, each component 
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exhibiting different degrees of JpH coupling. A Newman projection of the ligand down a 
C-P bond clearly shows the origin of the non-equivalence of methylene protons on each 
methylene group: The two protons of a CH2 group are not equivalent with any of the 
possible conformation. The derived chemical shifts are 2.63 and 2.47 ppm c2JHH = 13.3 
Hz), with low the field signal showing 2JPH of 2.84 Hz. 
.. 
.. 
B. The reaction of dpmp with (OC)5 WNH2Ph and characterization of products. 
Reaction of dpmp with (OC)5NH2Ph under various conditions gave eight different 
products (see next page). Reactions carried out at ambient temperature as a function of 
mole ratios and product distribution are shown in the Chart l . 
Chart 1 
Dpmp/(OC)5WNH2Ph Major Products Minor products 
1 :1 (1 ), (2), (3) (5), (6), (7) 
1 :2 (3), (5) (8) 
1 :3 (5), (8) (3) 
3:1 (1 ), (2) (3) 
2:1 (1 ), (2) (3) 
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The reaction of a dpmp/(OC)sWNH2Ph 1: 1 mole ratio yields three major 
PPh2CH2PPhCH2PPh2]W(C0)5, 3. In addition, a small amount of monometallic chelated 
•' 
7 were observed. The two linkage isomers, 1 and 2, exist in equilibrium. The 
preponderance of 1 over 2 will be discussed later in this chapter. Although complex 3 
was substantially represented in the P-31 spectrum of the reaction mixture, its linkage 
Increasing the concentration of metal-containing reactant would be expected to 
shift product formation in the direction of more metal units per dpmp ligand and such is 
the case. Examination of the crude mixture resulting from the reaction of dpmp with 
(OC)5WNH2Ph in a l :2 mole ratio gave 3 , 5 and 8 as major and minor products, 
respectively. The absence of 1 and 2 in the crude mixture is consistent with the ease with 
which monometallic complexes can be converted to the dimetallic complex 3 and with 
which it is subsequently converted to chelated complexes (C0 )5W[µ-11' .112-PPh2CH2-
interesting result where the more strained four-membered ring complex 5 is more 
favorable than the less strained six-membered ring complex 8. This gives us a clue about 
the precursors to 5 and 8 which appear to be 3 and 2 (or 2/1), respectively. 
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Mixing a 1:3 mole ratio of dpmp and (OC)sWNH2Ph gave rise to 8 and 5 as 
principal products and 3 as a minor product which is again consistent with the 
transformation described in the 1 :2 reaction mixture. Since the formation of the 
di metallic complex 3 is fast, excess dpmp with (OC)sNH2Ph, (3: I and 2: I mole ratios) 
maximizes the yields of 1 and 2. 
Mixing a I : I mole ratio of 2 and (OC)5WNH2Ph gave 3 and 4 as major products 
and 5 and 8 as minor products. The isomer 4, which was observed only spectroscopically, 
is unstable with respect to 3 and diminished slowly with time. More about this 
equilibrium will be discussed later. Attempts to prepare (OC)s\.VPPh2CH2PPh[W(CO)s]-
CH2PPh2 W(CO)s, 9, were unsuccessful. The reaction of a l: I mole ratio of 3 with 
(OC)5'NNH2Ph under various conditions gave 5 instead. It is our belief that steric factors 
significantly contribute to the instability of complexes 4 and 9. 
Complex 8 is unstable in chloroform in the presence of oxygen, and perhaps light, 
partially decomposing to give 7. It is also noteworthy that we have found no tendency for 
dpmp to function as a tridentate ligand in which the three phosphorus atoms are attached 
to the same metal. In other words there was no evidence for a tricarbonyl complex, 
W(dpmp)(C0)3. A general reactivity pattern of dpmp and (OC)5WNH2Ph is shown in the 
Scheme 7. 
(5) 
Scheme 7 
Dpmp 
I 
(OC)5W NH2Ph 
Major Minor 
(1) (2) 
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t 
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( I) Synthesis and Characterization of 1 
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Complex 1 was synthesized from a 3: I ratio of dpmp and (OC)5NH2Ph in CH2Cb 
at room temperature. The product was a mixture of linkage isomers 1 and 2 and 
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dimetallic complex 3. Separation was achieved with chromatography (silica gel/ 90% 
petroleum ether/ 10% ethyl acetate) and recrystailization from CH2Ch/CH30H mixture. 
The 31 P{ 1H} NMR spectrum of 1 showed two doublets and a doublet of doublets. 
The low-field doubiet showed tungsten-phosphorus satellites (Fig. 7). Table 3 contains P-
31 NMR data for 1 and other complexes. The coordinated phosphorus atom has 
experienced a large down-field shift relative to the free ligand. Such a .shift is expected 
when the phosphorus atom is coordinated to a metal. The magnitude of the tungsten-
phosphorus coupling (183W is 14.2% abundance and has a spin of V2) is also indicative of 
the type of coordination. The free phosphorus atoms, however, have experienced slight 
up-field shifts relative to the free ligand. The magnitude of the phosphorus-phosphorus 
coupling of 1 for the coordinated side (96. l Hz) is lower than that found in free ligand 
( 114.2 Hz) but for the non-coordinated side ( 112.2 Hz) is very similar to that of the free 
ligand. Excellent agreement between our data and a computer simulated spectrum is 
shown in Fig. 8. Our assignment is unambiguous . 
The 1H NMR spectrum (Fig. 9) consists of methylene signals at 1.7- 3.2 ppm and 
generally uninformative phenyl resonances in the range 7-8 ppm. The methylene 
resonances (Fig. 10) are somewhat similar to the free ligand. In the free ligand two 
methylene groups are equivalent but within each each methylene group the two protons 
are diastereotopic. This remains true for complex 1. Moreover, the low field resonance 
appears as sharp doublet, 2JHH = 13.3 Hz without resolvable phosphorus-proton coupling, 
while the high field methylene protons appear as a doublet of doublets due to 2JPH = 5.8 
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Hz coupling. Table 4 contains the 1H NMR data for this and other complexes. 
The 13C{ 1H} NMR spectrum of the carbonyl region (Fig. 11 ) shows a doublet at 
? ? 199.5 ppm {-Jpccir:insl = 23.2 Hz} and doublet of doublets at 197.0 ppm {-JPC(cis) = 7.2 Hz, 
4Jpqcisl = 2.0 Hz}. Long range 4Jpccoupling to the cis carbonyl carbons may indicate that 
the lone pair of the unbound phosphorus atom is oriented toward the equatorial plane and 
·•. 
the absence of coupling to the trans carbonyl carbon suggests a possible "through-space" 
. 
contribution to the 4Jpqcis)- The 13C{ 1H} NMR data are tabulated in the Table 5. 
The infrared spectrum of complex 1 is shown in Fig. 12. For (OC)sWL type 
complexes A 1m, {A 1<1l + E} modes are expected for local Cwsymmetry. 122 The A,0 > and 
E modes show the same CO absorption band because of accidental degeneracy or near 
degeneracy. Also the molecule is not rigorously of C4v symmetry and as a result the 
forbidden B1 mode is observed as a weak band. The IR data for this and other (OC)sWL 
type complexes are given in Table 6. 
(2) Synthesis and Characterization of 2 
Complex 2 was synthesized together with its linkage isomer 1 from a 3: l ratio of 
dpmp and (OC)sWNH2Ph and subsequently separated with chromatography as described 
for complex 1. 
Fig. 13 shows the 31 P{ 1H} NMR spectrum of complex 2 with a doublet and a 
triplet, and Table 3 contains the P-31 NMR data. Again the coordinated phosphorus atom 
showed a down-field shift. The magnitude of the phosphorus-phosphorus coupling (86.8 
Hz) is lower than that of complex 1, which is not a surprise since the central phosphorus 
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atom is coordinated to the metal. An increase in 1 J wp compared to 1 is in accordance with 
the decrease in the phosphorus-phosphorus coupling. The computer simulated spectrum 
of 2 is shown in the Fig. 14. 
In the 1 H NMR spectrum (Fig. 15) two methylene resonances (Fig. 16) appear as 
a doublet of doublets of doublets showing coupling to each other and to phosphorus. The 
.. 
value of 2JHH (14 Hz) is similar to that for complex 1. The carbonyl regio~ of the 
. 
13C{ 1H} NMR spectrum (Fig. 17) is also almost identical to that of complex 1, showing a 
doublet at 199.4 ppm {2Jpq1.mns) = 23.6 Hz} and a doublet of doublet at 197.6 ppm 
{ 2JPC(cis) = 7.2 Hz, 4Jpc(cis) = 2.5 Hz} . The C-13 NMR data are shown in Table 5 and C-13 
data for similar compounds 125•127 are listed in Table 7. The IR spectrum (Fig. 18) consists 
of 3 signals, A 1<1> + E = 1934 cm·1, A2<1> = 1979 cm·1 and B1 =2070 cm·1 are expected for 
C4v symmetry (Table 6). 
The solid state structure of complex 2 is shown in Fig. 19. Selected bond 
distances and angles are given in the Table 8. The tungsten atom is coordinated to five 
carbonyl ligands and one phosphine in approximate C4v symmetry. The P-W-C(:lX) angle 
is 175.3° and the P-W-Cceq) angles range from 86.8° to 94.6°, averaging 90.8°. Bond 
distances about tungsten atom are typical for monosubstituted pentacarbonyl complexes, 
ranging from 1.99 A0 to 2.05 A0, and averaging 2.03 A0. The CO bond trans to the 
phosphorus atom has the shortest W-C distance, as expected for a carbonyl group trans to 
a weaker n acid. There is more evidence from the crystal structure data that the lone pair 
of the unbound phosphorus atom is oriented toward the equatorial plane. The non bonded 
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distances , P···C and P···W, are 3.43 A0 4 .21 A0, respectively and are close to the sum of 
the van der Waals radii of phosphorus and carbon (3.50 A0) and phosphorus and tungsten. 
(3) Synthesis and Characterization of 3 
The synthesis was done by stirring a l :2 mole ratio of dpmp and (OC)sWNH2Ph 
·~ 
in CH2Cl2. Then the compound 3 was separated by recrystallization fr?ITI a 
The 31 P{ 1H } NMR spectrum of 3 showed (Fig. 20) a doublet and a triplet with a 
I :2 ratio. The significant reduction in 2Jpp (79.3 Hz) compared to the free ligand and 
monometallic complexes 1 and2 indicates the multiple coordination of the ligand to the 
metal. The 1Jwpcoupling value for this complex and complex 1 are the same, confirming 
the coordination of tungsten to terminal phosphorus atoms. P-31 NMR data are tabulated 
in Table 3. The computer simulated spectrum of 3 (Fig. 2 1) shows very close agreement 
with the actual spectrum. 
The 1H spectrum (Fig. 22) shows a doublet of doublets of doublets and a doublet 
of doublets in the methylene region (Fig. 23) and again 2J88 = 13.3 Hz. The 13C{ 1H} 
NMR spectrum of the carbonyl region (Fig. 24) shows the same pattern as for complexes 
1 and 2 (4JPC(cis) = 2.7 Hz, 4JPC(trans) = 0 Hz) indicating possible through-space coupling 
between the Ione pair of the unbound phosphorus atom and cis carbonyl carbons (see 
Table 5). The IR spectrum (Fig. 25) shows the typical (OC)s WL CO stretching frequency 
pattern and the data are tabulated in Table 6. 
The structure of 3 was confirmed by X-ray crystallography. An ORTEP plot of 3 
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with the atomic numbering scheme is illustrated in Fig. 26, and some selected bond 
distances and angles are listed in Table 9. The two tungsten atoms are in approximate C4v 
symmetry but the two W(C0)5 groups are non-equivalent. The P-W distances are 2.54 
A0 and 2.52 A0; P-W-Ccax) angles are 174.8° andl79.0°; P-W-Cceq) angles range from 
86.3° to 99.0°, averaging 91.6° and from 87.9° to 95.2°, averaging 91. l 0. The bond 
distances about tungsten and the carbonyl carbons range from 2.000 A0 to.'.2.047 A0, 
' 
averaging 2.032 A0 and from 2.003 A0 to 2.049 A0, averaging 2.034 A0 respectively. The 
non-bonded P···W distances are 4.19 A0 and 5.39 A 0. The former distance is in the van 
der Waals radii range for phosphorus and tungsten. Also the non-bonded P·· ·C distance of 
3.50 A0 is comparable with the phosphorus and carbon van der \Vaals radii unlike the 
non-bonded P···C distance of 5.03 A0 • All these results suggest that the two coordinated 
phosphorus atoms are non-equivalent even though they appear equivalent in the 31P{ 1H} 
NMR spectrum. More information needs to be obtained by variable temperature NMR to 
determine if at some low temperature the two dangling phosphine groups become non-
equivalent. Table 10 shows (OC)sWL complexes for which both tungsten-phosphorus 
coupl ing constants and tungsten-phosphorus bond distances are known. 
(4) Synthesis and Characterization of S 
Complex 5 was synthesized from a 1: I mole ratio of (OC)5 WNH2Ph and 3 in 
toluene at 60° C and recrystallized from a CH2Cl2/CH30H mixture. 
The 3 1P{ 1H} NMR spectrum of 5 (Fig. 27) showed two doublets and a doublet of 
doublets, each with tungsten-phosphorus satell ites. The linearly coordinated phosphorus 
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atom has experienced a down-field shift while the chelated phosphorus atoms have 
experienced up-field shifts relative to the free ligand, which is rather characteristic of 
linear coordination and chelation, respectively. The magnitude of the phosphorus-
phosphorus coupling is small, characteristic of chelated phosphorus atoms, but somewhat 
larger than that reported in the literature. 139· 140 The ring strain in the four-membered ring 
may contribute to this unusual behavior. Phosphorus-phosphorus cou~ling constants for 
chelated complexes contain contributions from both pathways through the backbone and 
through the metal center (IJppl = Jbpp + Jmpp). The sign of Jbpp is typically opposite to that 
of Jmpp, leading to cancellation and accounting for the fact the observed coupl ing 
constants are small. Three different 1 Jwpcouplings, 247.9 Hz, 226.4 Hz and 201.7 Hz 
were observed (Table 3). The computer simulated 31 P{ 1H} NMR spectrum is shown in 
Fig. 28. 
The IR spectrum for (Fig. 29) showed evidence for both C4v -W(CO)s (A1(1>, 
A1(I) + E and B1 ) and C2v - W(C0)4 units. The C2v symmetry is characterized by the B1 , 
B2, A 1<1> and A1 <2> CO vibrational modes in the IR spectrum. The B 1 and B2 bands 
overlap to form one signal. The A1 <1> band often appears as a shoulder on the very strong 
B 1 and B2 bands and as a result its frequency is often difficult to measure. Since the two 
sets of signals overlap, only five signals were observed. The IR data are listed in Table 6. 
(5) Synthesis and Characterization of 8 
Compound 8 was synthesized by stiITing a I :3 mole ratio of dpmp and (OC)5 
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pure product. 
A doublet and a triplet were shown in the 31 P{ 1H} NMR spectrum of 8 (Fig. 30), 
which was perfectly matched by the computer simulated spectrum (Fig. 31 ). The two 
equivalent phosphorus atoms and the internal phosphoms atom experience large down 
field shifts relative to the free ligand as expected. The magnitude of coupling to 183W is 
·: 
also indicative of coordination. The phosphorus-phosphorus coupling is very small which 
. 
is typical of six-membered rings. The opposing through back bone and through-metal 
contributions lead to these small couplings (see Table 3). The infrarcd spectrum of 8 (Fig. 
32) shows a pattern of carbonyl absorption that is characteristic of a cis-ML:i(CO)..i and 
ML(C0)5. The JR data are listed in Table 6. 
The structure of 8 was confirmed by X-ray crystallography. An ORTEP plot of 8 
with the atomic numbering scheme is illustrated in Fig. 33 and some selected bond 
distances and angles are listed in Table 11. The W(CO)s is in C4v symmetry; the P-W-
Ccux) angle is 175.7° and the P-W-C(eq) angles range from 88.8° to 92.4°, averaging 90.4°. 
The tungsten-carbon bond distances are also typical, ranging from l.977 A0 to 2.05 l A0, 
and averaging 2.022 A0. The cis-WL:i(C0)4 unit is in C2v symmetry; the P-W-P angle 
87.2°; the two P-W-Ccax> angle is 177.2° and 175.7°; the P-W-Cceq) angles range from 
86.4° to 96.8°, averaging 92.3°. Tungsten-carbon bond distances range from 1.980 A0 to 
2.040 A 0 with an average of 2.009 A 0. The two CO groups trans to each other have the 
shortest W-C distances as expected because unlike the other carbonyls are not trans to a 
weak n-acid group. 
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(6) Synthesis and Characterization of complexes 4, 6 and 7 
These three complexes were not obtained in pure form. Complex 4 was observed 
spectroscopically (Fig. 34), (two doublets and a doublet of doublets) from reaction of a 
1: 1 mole ratio of 2 and (OC)5 WNH2Ph. Complexes 6 and 7 were observed as minor 
products from 1: l mole ratio reactions of dpmp and (OC)s WNH2Ph. Computer simulated 
:~ 
spectra of these three complexes are shown in Figures 35-37. The P-31 l~~IR data are 
listed in Table 3. 
C. Equilibrium Study of lsomerization of Complexes 1 and 2 
W(CO)s 
~I~ 
Ph2P P PPh2 I 
(OC)5WP~ P~PPh2 
Ph2 I 
Ph 
Ph (1) 
(2) 
The equilibrium studies were carried out in CDC13 solutions at various 
temperatures. The equilibrium concentrations of 1 and 2 were determined by integration 
of 31 P{ 1H} NMR spectra. Meaningful integrations were obtained by using a delay time of 
18 sec and pulse width of 19 µsec. The pulse sequence gave 1H decoupling but 
eliminated NOE (Nuclear Overhauser Enhancement) effects on 31P signal intensities. The 
equilibrium constant can be expressed by: 
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K = [1)/(2) (eq-1) 
Where K is equilibrium constant, and (1] anci [2] are the concentrations of the two 
isomers. From thermodynamics, we have equations: 
!iG0 =-RT In K = !iH0 - T!iS0 (eq-2) 
In K = -!iH0/(RT) + !iS0!R (eq-3) 
In these equations, R is the gas constant, !iG0, !iH0, !iS0 are the change qf free energy, the 
change of enthalpy, and the change of entropy, respectively. 
The equlibrium constants at 298 K, 313 K and 328 K are 8.50, 5.99 and 4.85, 
respectively (Table 12). The 31 P{ 1H} NMR spectra at equilibrium are ~hown in Figures 
42-44. The values of D.H0 and D.S0 can be calculated from a Van't Hoff Plot {In K vs l/T, 
eq-3 (see Table 13) }. 
Slope= - !iH0JR (eq-4) 
Intercept= !iS0/R (eq-5) 
From the In K vs l/T plot (Fig. 45) liH0 and !iS0 were obtained. The value of uG0 c29sK) 
was obtained from (eq-2). The results are shown in Table 14. 
The equilibrium constant decreases when the reaction temperature is increased, 
which indicates that the forward reaction is exothermic. This is confirmed by the negative 
!iH0 value (-15± I KJ mol" 1) shown in Table 14. If the reactant and product isomers were 
equally stable, the equilibrium constant would be 2 because there are two possible 
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attachments in the product isomer. But even at 55 °c temperature 1 is more stable than 2. 
The large negative .'.1S0 value (-33 ±4 J mor1) suggests that as 2 isomerizes to 1 a 
significant restriction in freedom of movement results. More of these results will be 
discussed later in the section on the mechanism of isomerization. 
"· 
D. Kinetic study of isomeriztion of complexes 1 and 2 
This is a first-order reaction in which the rate of disappearence of 2 is given by 
-d[2]/dt = k1[2] - k..1[1] (eq-6) 
where k1 and k.1 are rate constants of the forward and backward reactions, respectively. 
When the reaction reaches equilibrium, 
-d[2]/dt = 0 (eq-7) 
k1[2]eq = k.,[l ]eq (eq-8) 
[l ]eq/[2]eq = K = k1fk. 1 (eq-9) 
Also if 2 and 1 are the only complexes in the reaction system, it is true that 
[2] + [1] = [2]in + [l]in = [2]eq + [l]eq (eq-10) 
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'Where [2]in and [l]in are the initial concentrations and [2]cq and [l]eq are the equilibrium 
concentrations. 
Substitution of equations 9 and 10 into equation 6, and rearrangement, gives the 
relation: 
-d(2]/dt = (k1 + k.1) { [2] - [2]eq} (eq-11) 
Integration of equation 11 gives: 
In {[2)- [2]eq } = -(k1 + k. 1) t +In {[2]in - [2]eq} 
In { [2] - [2]eq}/{ [2]in - [2]eq} = -(k1 + k.1) t 
(eq-12) 
(eq-13) 
Therefore, a plot of In { [2) - [2]eq} I { [2]in - [2]cq} versus t gives slope = -(k1 + k.1 ). 
From the slope and equilibrium constant K, the individual forward and backward rate 
constants can be obtained. 
k1 = (-slope)(K)/(l+K) 
k.1 = (-slope)/(l+K) 
(eq-14) 
(eq-15) 
A similar expression can be obtained for 1. Also, the half-life to reach completion can be 
calculated by 
t112 = (In 2)/k (eq-16) 
The time to go half way to equilibrium is given by 
t1 12 =(In 2)/(k1 + k.1) (eq-17) 
The isomerization reaction was carried out at 55 °c in CDCl3 starting with two 
pure samples of 1 and 2. Only sample 2 was used at 40 °c and 25 °c. The change of 
concentration of 2 was monitored by running 31 P { 1H} NMR spectra and taking integrals 
at appropriate time intervais. 
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The concentration and In { [2] - [2]cq }/ { [2] in - [2)cq } versus time plots at 
55 °c, 40 °c and 25 °c are shown in Fig. 46-52. 14 1 The values of k1 , L1, l112cf) , t112cb> and 
t 112 were obtained and shown in Table 15. 
If the rate constants are known, the activation energy Ea can be obtained from the 
Arrhenius equation 
k =A e[-E:v<RnJ (eq-18) 
In k = In A - Ea/(RT) (eq-19) 
where A is a preexponential factor. A plot of Ink versus lff has a slope of - E/R. 
The plots of lnk1 vs l/T and In k._ 1 vs l/T (Fig. 53, 54). 125 gave values of Ea (26±1 
kJ/mol and 40± l 0 kJ/mol) that are shown in Table 16. 
The free energy of activation, 6.G#, is also related to the rate constant, k, 
k = (k 'T/h). e[-AG#/(RT)] (eq-20) 
where k' is Boltzmann's constant and his Plank's constant. Taking the logarithm of both 
sides gives, In (k/T) = ~G# /(RT)+ ln(k'/h). 
Recognizing that ~G# = Afi# - T ~S# (eq-21) 
we have, 
In (k/T) = - &!(RT)+ ~S# /R + ln(k'/h) (eq-22) 
Therefore, the Eyring plot [the plot of In (k/T) versus l/T] gives ~ff# from the 
slope and ~S# from the intercept. 
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intercept= 6S# IR + ln(k'/h) 
The values of 6S# are interest because values below -10 eu indicate an 
associative reaction , while values greater than+ I 0 eu indicate a dissociative reaction. 142' 
143 The plots of In (k!f) versus Irr for the reaction in CDCl3 are shown in Fig. 55, 56. 
The values of D.H#, D.S11 , and D.G# are shown in Table 17. 
E. Mechanism of lsomerization of Complexes 1 and 2 
One can envision two basic mechanisms for isomerization. A dissociative 
mechanism (D) involves the formation of a five-coordinate intermediate. If there is some 
rate dependence on the incoming nucleophile , but bond-breaking is more important than 
bond-making, the mechanism is called interchange dissociative 10 . 
The other basic mechanism is associative (A) and is analogous to an SN2 reaction. 
If the bond-making is more important than bond-breaking the mechanism is called 
interchange associative, IA. 128- 130 As explained earlier D.S# values are important in 
deciding the mechanism of the isomerization reaction. A ilS# value of -220 eu was found 
for isomerization of 2 and reaction is consistent with an associative ?-coordinate 
transition state (see Scheme 8). 
Scheme 8 
/"-P~P 
I 
P I 
OC111,,,,,,... I .. ··'',,,,QC 
w QC,,, I ~co 
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co 
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The experimental data, m# and ~S#, are consistent with the mechanism in 
Scheme 8 in which the dangling phosphine ligand interacts with the cis-carbonyl groups 
and weakens the original W-P bond, and accelerates its breakage. Both phosphine arms 
of c can interact with the equatorial carbonyls. In the above scheme, a and e are fluxional 
equivalents of complex 1, and c is complex 2. The band d structures represent 7-
coordinate transition states. How does this isomerization reaction compare with other 
isomerization reactions studied in our research group? 
W(CO)s 
I Ph2P~ P~PPh2 
I 
Ph 
2 
(OC)5W[PPh2CH2P(p-to~2] 
(OC)sM[ PPh2CH2CH2P(p-to~2] 
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~~ (OC)5W P P PPh2 (11) 
'====~ Ph2 I 
Ph 
1 
(OC)sW[ P(p-to~2CH2PPh2] (14) 
(OC)sW[ P(p-to~2CH2CH2PPh2] (15) 
The reaction ( 13) is four orders of magnitude faster than reaction ( 15) and two 
order of magnitude faste r than reaction ( 14 ). It was suggested that fast isomerization 
occurs only if a short dangling arm is present that can interact with the cis carbonyl 
groups. It was postulated that this interaction leads to a weakening of the coordinated 
phosphine. It was further reasoned that reaction ( 13) is especially fast because two 
dangling phosphines were present, one to activate the bound phosphine and one to 
displace it. In reaction ( l l ) there are also two dangling arms and it is somewhat faster 
than reaction (14) but slower than reaction ( 13), (see Table 18 for comparison of rates). 
The question arises, why is the reaction ( 11) 1.5 orders of magnitude slower than the 
reaction ( 13), even though both have three dangling phosphine arms? The answer may 
again lie in the interactions between cis-carbonyl carbons and dangling phosphine am1s. 
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In reaction ( 13), cis-carbonyl carbons and phosphine interactions are present only in the 
product side. 
~p 
p 
~,co ,,,, 
•'' .. 
w 
oc,,, "co 
co 
p~p 
I 
But in the reaction (11), cis-carbonyl carbons and phosphine interactions are present in 
both the reactant and product side. 
p~~ 
,P 
p ,' 
, 
~,co ,,,, 
•'' ... 
Therefore the overall driving force from reactant to product is somewhat less compared 
to reaction (13) , which explains the slower rates of reaction ( 11) compared to reaction 
(13). Finally, we conclude that the isomerization reaction (l l) also fits our mechanistic 
model. 
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F. l somerization of Complexes 3 and 4 
(OC)5WP~ P~PW(C0)5 
Ph2 I Ph2 
Ph 
W(CO)s 
I 
(OC)5W P~ P ~PPh2 -===~ Ph2 I 
Ph 
3 4 
•', 
The complexes 3 and 4 are also believed to be in equilibrium but isomer 4, ~hich 
was observed only spectroscopically is unstable with respect to 3 and could not be 
isolated. According to our mechanistic model this isomerization reaction , without a 
second dangling arm, would not be expected to proceed faster than reaction ( 14). It is our 
belief that steric factors significantly contribute to the instability of complex 4 and that 
greatly favors equilibrium predominance of 3. Within our experimental knowledge we 
cannot draw further conclusions about this isomerization reaction. 
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Chapter III. Experimental Section 
A. General Considerations 
All reactions were carried out under a nilrogen atmosphere unless otherwise 
stated. Tetrahydrofuran (THF) was predried over calcium hydride and was freshly 
·~ 
distilled from sodium and benzophenone as needed. All other solvents ~~re used without 
further purification. Tungsten hexacarbonyls, phosphines and other chemicals were 
' purchased from various commercial suppliers and used without further purification. 
1H, 13C{ 1H} and 31P{ 1H} NMR spectra were recorded on a General Electric QE-
300 spectrometer from deuteriochloroforrn, CDCl3, solutions. The chemical shifts were 
quoted relative to tetramethylsilane, Si(CH3) 4, for 1H and 13 C{ 1H} and 85 % phosphoric 
acid, (H3P04), for 31P{ 1H}NMR spectra, respectively. 
The IR spectra were obtained with Nicolet 20 DXB Ff-IR spectrometer with 
chloroform, CHCl3, or CDCIJ as solvents. 
The X-ray crystallography data were collected at the Department of Chemistry, 
Northwestern University, Evanston, Illinois. 
Elemental analysis were performed at the University of Illinois Microanalytical 
Laboratory, Urbana, Illinois. 
All melting and decomposition points were taken with an Arthur H. Thomas 
unimelt apparatus and were reported uncorrected. 
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B. Synthesis 
(1) Preparation of Bis(diphenylphosphinometyl)phenylphosphine, 
Ph2PCH2PPh CH2PPh2( dpmp) 
This is a three-step synthesis, modified from that of Appel et al,41 involves the 
preparation of the precursor, PPh2CH2S i(CH3)3, from Na[PPh2]. 
(I) Preparation of sodium diphenylphosphide, Na[PPh2]. 119 
Small pieces of sodium metal (6.50 g, 0.269 mole) were added to a sufficient 
amount of liquid ammonia (600 mL) contained in a l OOO mL 3-neck flask equipped with 
a N2 inlet, and a dropping funnel. The solution became dark violet within a few minutes. 
To this m ixture diphenylphosphine (PPh2H) (46.0 ml, 0.269) was introduced in drops 
over the course of 15 minutes. The dark color of the solution changed to orange. 
(II) Prepara tion of diphenyl(trimethylsilylmethyl)phosphine, Ph2PCH2Si(CH3h. 120 
(Chloromethyl)trimethylsilane, CICH2Si(CH3h, (37.0 mL, 0.269 mol) was added 
slowly to the previously prepared dark orange solution of sodium diphenylphosphide. 
During the stirring of this mixture for 24 h to evaporate ammonia, the solution became 
yellow. The residue was extracted with dry ether and the extract was warmed gently in 
vacuo to remove the solvent. The resultant liquid was purified by vacuum distillation. 
The fraction collected from 130 °c- 140 °c and 2 mm Hg pressure was pure 
diphenyl(trimetylsilyl methyl)phosphine, Ph2PCH2Si(CH3)3, (24.5 g, 75%) of light 
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yellow liquid. 31 P{ 1H} NMR (CDCl3): 8-21.55 ppm (Fig: I); 1H NMR (CDCb): 8 0.01 
ppm (s, 9H, CH3), o 1.4 ppm (s, 2H, CH2), o 7.2-7.6 (m, 25H, C6H5), (Fig: 2). 
(Ill) Preparation of Bis(diphenylphosphinomethyl)phenylphosphine, 
Ph2PCH2PPhCH2PPh2 {dpmp) 
·~ 
A 3.40 mL solution of dichlorophenylphosphine, Cl2PPh (4.48 g, 25.5 mmol) was 
I 
added slowly to a stirred solution of 13.50 mL Ph2PCH2Si(CH:i)J, ( 13.60 g, 50.00 mmol) 
I 
contained in a 250 mL 3-neck flask connected with a N2 inlet and a distillation apparatus. 
The mixture was heated gently up to 140° C for l h while the more volatile 
chloromethylsilane. was removed as distillate, after which the mixture was allowed to 
cool to room temperature. A sol id gummed product remained, and it was extracted with 
30 mL of pentane. Within few minutes a white crystalline product formed, which was 
collected by filtration and recrystallized from a l :2 volume ratio of CH2Cb/CH30 H to 
yield pure white crystalline bis(diphenylphosphinomethyl)phenylphosphine. (7.90 g, 
(CDCb): 0 -22.7 ppm (d, P1ennina1), 0 -32.9 ppm (t, PcentraJ), 2J pp 114.2 Hz, (Fig: 3); 
1H NMR (CDCb): o 2.45-2.65 ppm (m, 4H, CH2), o 7.2-7.4 ppm (m, 25H, C6Hs), (Fig 
5). 
(2) Preparation of pentacarbonylanilinetungsten(O), W(C0)5(NH2Ph) 
A solution of ani line, PhNH2 ( 10. l mL, 110 mmol), was added to a solution of 
W(C0)6 ( I 0.0 g, 28.4 mmol) and THF (300 mL), and irradiated in a quartz vessel 
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equipped with 400 W UV lamp for 7 h. The unreacted W(C0)6 was collected by filtration 
and to give a yellow/clear filtrate. The solvent was removed under vacuum leaving a 
slightly thick yellow mixture to which 100 mL of distilled water was added. Slow 
addition of dilute HCJ caused coagulation of the yellow/green sol id. The solution 
separated into two distinct parts. The top layer was poured off and the bottom layer was 
·'. 
filtered through a frit where (OC)5WNH2Ph, a green/yellow solid, was collected. It was 
\ 
then sublimed under continuous vacuum for I 0 h at 38 °c in order to remove any 
. 
unreacted W(C0)6, leaving behind pure (OC)sWNH2Ph was collected. (9.81 g, 83%); 
m.p. 100 °c- 102 °c ; IR [v (CO), (CHCI3)]: 1931 cm·1, 1978 cm· 1, 2075 cm·1 (Fig: 38). 
(3) Preparation of pentacarbonyl{ diphenyl(trimethylsilyl) }phosphinetungsten(O), 
(OC)s WPPh2CH2Si(CH3h and tetracarbonyl bis{ diphenyl(trimethylsilyl)} 
phosphinetungsten(O) trans (OC)4 W[PPh2CH2Si(CH3)Jlz 
About 0.50 g ( l.2 mmol) of tungstenpentacarbonylaniline, (OC)5WNH2Ph was 
added to a solution of 0.50g ( 1.8 mmol) diphenyl(trimethylsilylmethyl)phosphine, 
Ph2PCH2Si(CH3h in 25 mL of dichloromethane. After the mixture was stirred for 24 h, 
the solvent was removed with the use of a rotary evaporator, and the product was 
dissolved in a 1: 1 volume ratio of CH2Cb/CH30H. After refrigeration at -5° C for 72 h, 
yellow plate shaped crystals of (OC)sW[PPh2CH2Si(CH3)3] were obtained. (0.2 g, 27%); 
31P{ 1H} NMR (CDClh: o 4.1 ppm, 1Jwp 230.7 Hz, (Fig. 39). 
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The filtrate was further concentrated and the residue recrystallized from a l: l 
volume ratio of CH2Cb/CH30H. The product trans-(OC)4W(PPh2CHiSi(CH3)3)i was 
obtained. (0.25 g, 17%); 31 P{ 1H} NMR (CDCl)J: o 7.0 ppm, 1Jwp 278.4 Hz, (Fig. 40); IR 
[v (CO), (CHC13)]:1882 cm·1, 1940 cm·1, (Fig. 41). 
(4) Preparation of linkage isomers (CO)sW[111-PaPh2CH2PbPhCH2PcPh2], 1 and 
(CO)sW[111-PbPh(CH2Pa,cPh2h], 2. 
To a solution containing 2.00 g (3.94 mmol) of dpmp in 30 ml of CH2Ch; purged 
with Ni for a few minutes, was added 0.590 g ( 1.31 mmol) of (OC)s WNH2Ph. The 
solution was stirred under Ni and the initial intense yellow color gradually turned to a 
pale yellow color. After 24 h, the solution was evaporated to dryness under vacuum. The 
residue was analyzed by 31 P{ 1H} NMR spectroscopy, where (CO)sW[Tl 1-
PPhiCHiPPhCH2PPh2], 1, its linkage isomer (C0)5W[Tl 1-PPh(CHiPPhih], 2, unreacted 
dpmp and a small amount of dimetallic (CO)sW[µ-PPh 2CH2PPhCHiPPhi]W(CO)s, 3 
were identified. 
This mixture was dissolved in a minimum amount of CH2Ch and eluted through a 
column ( l 1A"X 18") of neutral silica gel (mesh size 60-200) with an eluent mixture of 
petroleum ether (90%) and ethyl acetate ( l 0% ). The first colorless band to emerge from 
the column contained dpmp, the second yellow band was collected and evaporated to 
remove the sol vent under vacuum. The 31 P { 1 H} NMR (CDCIJ) showed that the residue 
contained a mixture of linkage isomers (CO)sW[111-PPh2CH2PPhCH2PPh2], 1 and 
(CO)sW[111-PPh(CHiPPh2)2], 2. 
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Recrystallization of the residue from a I :2 volume ratio of CH2Cl2/CH30H at -5° 
C gave 0.35 g (32%) of colorless crystals of (CO)sW[ri 1-PPh(CH2PPh2h], 2. IR[v(CO), 
(CHCl3) ]: 1934 cm·1, 1979 cm-1,2070 cm·1, (Fig. 18); 31 P(1H} NMR (CDCl:i): o-24.8 
ppm (d, P:1.c). 8 3.9 ppm (dd, Pb). 2JP(a)P<b> 86.8, 1JwPCb> 250.4 Hz. (Fig. 13); 1H NMR 
(CDCl3): o 2.7-3.3 ppm (m, 4H, CH2), o 6.9-7.3 ppm (m, 25H, C6H6). (Fig. 15) . 
.. 
The mother solution was further concentrated under vacuum. Recrystallization 
from 1 :2 volume ratio of CH2Ch/CH30H at -5° C gave light yellow powder of 
I ' -I (CO)sW[11 -PPh2CH2PPhCH2PPh2], 1. (0.25 g, 23%); IR[v(CO), (CDC'3)]: 1937 cm , 
1981cm·1,2070 cm·1, (Fig. 12); 31 P{ 1H} NMR (CDC'3): o 9.3 ppm (d, Pa). o -34.7 ppm 
(dd, Pb),o-23.5 ppm (d, Pc), 2JP(a)P(b) 96.l , 2JP(b)P(c) 112.6, 1JwPca> 245.0 Hz, (Fig. 7); 1H 
NMR (CDCl:i): o 1.8-2.2 ppm (m, 4H, CH2), o 7.1-7.5 ppm (m, 25H, C6H6), (Fig. 9); 
Anal. calcd. C31H290sP3W: C 53.52, H 3.52; found: C 54. 13, H 3.58. 
The dimetallic compound identified in the initial 31 P{ 1H} NMR spectrum was 
lost. 
A solution of (OC)sWNH2Ph (1.00 g, 2.40 mmol) and 0.570 g (1.12 mmol) of 
dpmp in 30 mL of CH2Cl2 was stirred under N1 for 24 h. The solvent was removed under 
vacuum and the residue was recrystallized from l :2 volume ratio of CH2C!2/CH30 H to 
yield ( 1.05 g, 80.3%) of yellow powdered (C0)5W[µ-PPh 2CH2PPhCH2PPh2]W(C0)5, 3, 
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This yellow powder was dissolved in a minimum amount of CH2Cl2 and then the 
same amount of CH30H was added. The solution was refrigerated -5 °c for 120 h and 
yellow blockshaped crystals of (C0)5W[µ-PPh2CH2PPhCH2PPh2]W(CO)s, 3 , were 
obtained. (0.38 g, 29%); IR[v(CO), (CDC13)]: 1939 cm-1, 1981 cm-1,2071 cm·1, (Fig. 25); 
31 P{ 1H} NMR (CDCb): 8 8.8 ppm (d, Pa, c), 8 -37.9 ppm (t, Pb), 2JP(a)P(b) 79.3 Hz, 1 JWP(a) 
245.3 Hz, (Fig. 20); 1H NMR (CDC13): 8 2.6-3.5 ppm (m, 4H, CH2), 8 7.'\-7.5 ppm (m, 
25H, C6H6), (Fig. 22). 
The chelated compounds shown in the earlier 31 P{ 1H} NMR spectrum w~re lost 
in the subsequent process. 
(6) Preparation of (CO)sW[µ·11 1,112· PaPh2CH2(PbPhCH2PcPh2)W(CQ)4], 5 
A solution of 0.16 g (CO)sW[µ-PPh2CH2PPhCH2PPh2]W(CO)s, (0.14 mmol) and 
0.10 g of (OC)s WNH1Ph, (0.24 mmol) in 25 mL of toluene was heated for 24 h at 60 °c. 
Recrystallization from l :2 volume ratio of CH2Cb/CH30H after the solvent removal gave 
yellow crystals of (CO)sW[µ-T) 1,ri2-PPh2CH2(PPhCH2PPh2)W(C0)4], 5. (0.9 g, 56%); 
IR[v(CO), (CDCh)]: 1898 cm-1, 1934 cm-1, 1978 cm-1, 2019 cm-1, 2071 cm· 1, (Fig. 29); 
31 P{ 1H} NMR (CDCl3): 8 8.1 ppm (d, Pa), 8 -33.1 ppm, (dd, Pb.), 8 -17.9 ppm, (d, Pc.), 
2JP(a)P(b) 19.4 Hz, 2JP(b)P(c) 36.3 Hz, 11wP(a) 247.9 Hz, 1JwP(b) 226.4 Hz, 1JwP(c) 201.7 Hz, 
(Fig. 27). Anal. calcd. For C42H2909P3W2: C 43.72, H 2.60; found C 43.95, H 2.72. 
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(7) Preparation of (CO)sW[µ-11 1,112-PbPh(CH2Pa,cPh2)]W(C0)4, 8 
A solution of (OC)5WNH2Ph, {l.O g, 2.4 mmol) and dpmp (0.38 g, 0.75 mmol) in 
30 mL of CH2Cl2 was stirred under N2 for 24 h and then the solvent was removed under 
vacuum. A yellow powder (0.63 g, 73%) was collected after recrystallization from a 1 :2 
volume ratio of CH2Cl2/CH30H. The NMR spectrum showed that this powder contained 
(C0)5W[µ-ri 1 ;112-PPh(CH2PPh2)]W(C0)4, 8, and (C0)5W[µ-PPh2CH2PPhCH2PPh2] 
W(CO}s, 3. 
The powder was dissolved in CDCI3 and recrystaJlized from 1: I methanoi 
yielding yellow crystals of (C0)5W[µ-T) 1 ,112-PPh(CH2PPh2)]W(C0)4, 8. (0.09 g, 11 %); 
IR[v(CO), (CDCl3)): 1933 cm"1, 1982 cm"1, 1898 cm"1, 2021 cm"1, 207 lcm"1, (Fig. 32); 
31 P{ 1H } NMR (CDCl:i): 8 4.7 ppm (d, Pa.c ), 8 -2.7 ppm, (t, Pb.), 2J P(a)P(b) 12.1 Hz, 1JwP(a) 
237. l Hz, 1JwP<b> 249.6 Hz, (Fig. 30). 
(8) Preparation of (CO)sW{µ·PaPh2CH2PbPh[W(CO)s]CH2PcPh2}, 4 
A solution of (CO)sWNH2Ph, (0.050 g, 0. 12 mmol) and (CO):;W[111-
PPh(CH2PPh2hJ. 2, (0.080 g, 0.10 mmol) in 30 mL of CH2Cli was stirred fo r 24 h. The 
solvent of the solution was evaporated to dryness under vacuum and the residue was 
analyzed by 3 1P{ 1H} NMR (CDC13) spectroscopy. The product (CO)sW{µ-
PPh2CH2PPh[W(C0)5]CH2PPh2}, 4 was observed 8 -20.7 ppm (d, Pa.), 8 11 .9 ppm, (dd, 
Pb.), 8 8.2 PPM, {d, Pc). 2JP(a)P(b) 137.5 Hz, 2JP(b)P(c) 57.9 Hz (Fig. 34) in a mixture of its 
linkage isomer (CO)sW[µ-PPh2CH2PPhCH2PPh2]W(C0 )5, 3 and two chelated products 
(CO)s W[µ-11 1 ;r12-PPh2CH2(PPhCH2PPh2)W(C0)4), 5 and (CO)s W[µ-11 1,112-
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These two isomers were observed in a mixture after stirring a l: l "t·nole ratio of 
(OC)5NH2Ph and dpmp for 24h. 31 P{ 1H} NMR (CDCIJ): 
2 ' 11 -Ph2PCH2(PPhCH2PPh2)W(C0)4, 6, o -2 l .8 PPM (d, Pa.), o -29.5 PPM, (dd, Pb.), 
o 10.4 ppm, (d, P,J, 2JP(a)P(b) 91.5 Hz, 2JP(b)P(c) 30.5 Hz;(C0)4W(112-(PPh2CH2hPPh, 7, 
o 3.1 ppm (d, Pa.), o -38.4 ppm, (t, Pb.), 2JPCa)P(b) 73.5 Hz. The later was previously made 
by refluxing dpmp with W(C0)6 in toluene over 30 h.72 
C. X-ray Crystallography Data Collection, Refinement and Solution 
The crystals of (CO)sW[111-PPh(CH2PPh2)2], 2; (CO)sW[µ-
PPh2CH2PPhCH2PPh2]W(C0)5, 3; and (CO)sW[µ-11 1,112-PPh(CH2PPh2)]W(C0)4, 8 were 
obtained by slow vapor diffusion of methanol into a dichloromethane solution of 
respective compound. Crystal data, data collection procedure, and refinement of structure 
are summarized in tables l 9, 20, and 21. The cut blocks of each crystals were mounted on 
a glass fiber and all measurements were made on CCD plate area detector with graphite 
monochromated Mo-~ radiation. The data were collected and processed at a temperature 
cf-120° ±C and using the SMART-NT, SAINT-NT and d*TREK program(MSC). 
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The structure was solved by direct methods144 and expanded using fourier 
techniques. 145 The non hydrogen atoms were refined anisotropically. Hydrogen atoms 
were included but not refined. The standard methods were used in obtaining other 
parameters (F2 and unit weight). 
Neutral atom scattering factors were taken from Cromer and Waber. 146 
•. 
Anomalous effects were included in F calc; the values for Lif' and Lif' ' were those of 
Creagh and McAuley. 147 The values for the mass attenuation coefficients are those of 
Creagh and Hubbell. 148 All calculations were performed using the teXsan 149 
crystallographic software package of Molecular Structure Corporation. 
D. Equilibrium and Kinetic Studies of Linkage isomers 
A pure sample (30-40 mg) of each isomer, dissolved in 0.4-0.5 mL CDCb, was 
flame-sealed in a vacuum at liquid nitrogen temperature and thermostated in constant 
temperature bath at the appropriate temperature. The NMR, probe was brought to the 
same temperature and 31 P{ 1H} NMR spectra was recorded at selected time intervals until 
a constant ratio of isomers were obtained. A delay time of 18 sec, pulse width 19 µsec 
and a pulse sequence that gave 1H decoupling but el iminated NOE effects on 31 P 
intensities was utilized in order to insure sufficient relaxation to allow meaningful 
integration to be obtained. The signals from isomers of each spectrum were 
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integrated three times 150 and the average value was used in subsequent calculations. 
The equilibrium and kinetic data were taken at three different temperatures, first 
at 55 °c, then 40 °c and then 25 °c in that order. The AXUM software was used to 
obtain non-linear regression curves of concentration data of isomers and subsequently 
they were used to fit analytical solutions of the kinetic equations of the data. 
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Table l. Linear tridentate ligands R1P[(CH2)0 PRi2h and their respective literature 
citations 
Ligand n R1 Ri Ligand n R' Rz 
1 Ji-J4 1 Me Me 1 l 4i 2 Neo-Pen Neo-Pen 
2J) 1 Ph Ph 121!-IU 2 Ph Ph 
3Jo 2 H Me 1341 2 Ph c-Hex 
4Jt 2 H Ph 1443 3 Ph H 
5JlS 2 Me H 1544 3 Me Me 
6J~,4U 2 Ph H 1645-4lS 3 Ph Ph 
7Jo 2 Me Me 174J,4~ 3 Ph Me 
3Jt:> 2 Ph Me 184j 3 Me Ph 
9Jo 2 Me Ph 1944 3 t-Bu Me 
1041 2 c-Hex Ph 2040 3 Ph c-Hex 
Table 2. Comparison of parameters for dpmp. 
This work3 Ref. 41° Ref. 89c Ref. 101° 
% yield 68 82 e e 
m.p/l C 138-139 122-123 e 140-141 
J'P{ 1H} NMR 
•' 
8 P1ennina1/ ppm -22.7 - 25.9 - 33.0, - 22.5 - 22.46 
8 Pcentratf ppm - 32.9 - 36.4 - 33.8 - 32.66 
2Jpp/ Hz 114.2 173.6 115 115.9 
'HNMR 
Ph/ ppm 7.2-7.4 (m) 7.1-7.9 (m) e 7.20-7.12 (m) 
CH2/ ppm 2.3-2.8 (m) 2.3-2.8 (m) e 2.43-2.65 (m) 
2JHH/ Hz 13.3 e e 13.3 
2 JpH/ Hz 2.84 e e 2.92 
a measured at 121. 7 MHz, b measured at 32.19 MHz, c measured at 81 MHz 
d measured at 162 MHz and e not reported 
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Table 3: Phosphorus-3 1 NMR Data for Complexes 1-8a 
Free ligand and Complexes ba 8b be 
Ph2P aCH2PbPhCH2P cPh2 -22.7 -32.9 -22.7 
1, (C0)5W[11 1-PaPh2CH2PbPhCH2PcPh2] 9.3 -34.7 -23.5 
2, (CO)sW[11 1-PbPh(CH2Pa,cPh2h] -24.8 3.9 -24.8 
3, (CO)sW[µ-P01Ph2CH2PbPhCH2PcPh2]W(CO)s 8.8 -37.9 8.8 
4, (CO)sW {µ-PaPh2CH2PbPh[W(CO)s]CH2PcPh2J -20.7 11.9 8.2 
I 'l 5, (CO)sW[µ-11 ;rr-PaPh2CH2(PbPhCH2PcPh2)W(C0)4 8.1 -33.1 -17.9 
6, [112-Ph2PaCH2(PbPhCH2PcPh2)W(CQ)4 -2 1.8 -29.5 10.4 
7, (C0)4 W[112-(Pa,cPh2CH2hPbPh] 3. 1 -38.4 3.1 
8, (CO)s W(µ-11 1.112-PbPh(CH2Pa,cPh2h]W(C0)4 4.7 -2.7 4.7 
8 0 in PPM; J in Hz, bJwp undetermined 
') 
-J P(a)P(b ~ J P(b)P(c I Jwp(a) 
114.2 114.2 -
96.1 11 2.6 245.0 
86.8 86.8 -
79.3 79.3 245.3 
137.5 57.9 b 
19.4 36.3 247.9 
9 1.5 30.5 b 
73.5 - b 
12. I 12. I 237. 1 
. . 
. .. 
I JWP(b) 
-
-
250.4 
-
b 
226.4 
b 
-
249.6 
'JwP(c) 
-
-
-
-
b 
20 1.7 
-
b 
237. 1 
~ 
c;:,.. 
!'-o 
~ 
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Table 4. Proton NMR Data for Complexes 1-3a 
Free ligand and Complexes 8methylene 8phenyl LJHH LJPH 
Ph2P aCH2PbPhCH2P cPh2 2.4-2.7 7.1-7.9 13.3 2.84 
1, (CO)sW[11 1-PaPh2CH2PbPhCH2PcPh2] 1.8-2.2 7.1-7.5 13.3 5.80 
2, (CO)s W[11 1-PbPh(CH2Pa,cPh2)2] 2.7-3.3 6.9-7.3 14.1 
·~ 
3, (CO)s W[µ-P aPh2CH2PbPhCH2P cPh2]W(CO)s 2.6-3.5 7.1-7.5 13 . .3 
' 
a8 in ppm; Jin Hz 
T bl 5 C 13 NMR D f C 1 3 a a e - ata or omp exes 
-
Complexes Otrans Deis L J PCtrans l.J PCcis 4Jpccis 
1, (CO)sW[11 '-PaPh2CH2PbPhCH2PcPh2] 199.5 197.0 23.2 7.2 2.0 
2, ( CO)s W[ 11 1-PbPh(CH2P a,cPh2h] 199.4 197.6 23.6 7.2 2.5 
3, (CO)s W[µ- 199.4 197.9 22.3 7.2 2.7 
PaPh2CH2PbPhCH2P cPh2]W (CO)s 
a8 in ppm; J in Hz 
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Table 6. lR Data for Complexes 1-8 (CHC13, cm-1). 
T bi 6 lR D f (OC) WL C l a e a. ata or 5 type omp exes. 
Complex A1l..!J B1 {E+A1l'>} 
(OC)sW[11 1-PPh2CH2PPhCH2PPh2], 1 2070 1981 1937 
(OC)sW[111-PPh(CH2PPh2)2], 2 2070 1979 1934 
(OC)sW[µ-PPh2CH2PPhCH2PPh2]W(CO)s, 3 2071 1981 1939 
·•. 
.(OC)s WNH2Ph 2075 1978 1931 
(OC)s WPPh2H a 2077 1985 1947 
(OC)sWP(p-tolh H b 2074 1940 
(OC)s WPPh2CH=CH2 b 2072 1979 1939 
a reference 3; b reference 123 
T bi 6b lR D t f . (OC) WLi t C a e a a or c1s- 4 :ype omp exes. 
Complex A,t•> A1t:t> (B1+B2) 
cis- (C0)4W[11.t -(Pa. cPh2CH2)2PbPh, 7 a 2019 1922 1893 
cis- (C0)4 W(PPh2H)2 ° 2020 1917 1903 
cis- (C0)4 W[P(p-tolh Hh c 2021 1906 
cis- (C0)4 W(PPh2Et)(PPh2H) 0 2023 1922 1903 
a reference 70; b reference 3; c reference 123; d reference 124 
T bi 6 lR D f C a e c. ata or b h (OC) WL d . (OC) WL omp exes containing ot 5 an ClS- 4 _types. 
Complex Ail"'' A1\I J B1 {E+A1l' ' } CB1+B2) 
(CO)sW[µ-11 1 ;r(P3Ph2CH2(PbPhCH2PcPh2)W(C0)4], 5 2071 2019 1978 1934 1898 
(CO)s W[µ-11 1 ,112-PbPh(CH2P a.cPh2)]W(C0)4, 8 2071 2021 1982 1933 1898 
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Table 7. (OC)5WL complexes for which Jpc coupling constants are known. 
Complex .l.JPC(trans) .l.JPC(cis) 4 J PC(trans) 4 Jpc(cis) 
(OC)sW[11 1-PPh2CH2PPhCH2PPh2], 1 23.2 7.2 0 2.0 
(OC)sW[11 1-PPh(CH2PPh2h], 2 23.6 7.2 0 2.5 
(OC)sW[µ-PPh2CH2PPhCH2PPh2]W(CO)s, 3 22.3 7.2 0 2.7 
.. 
(OC)s W[11 I -PPh2CH2PPh2] I IU 22.0 6.9 0 3.0 
(OC)s W [ 11 1-PPh2CH2CH2PPh2] 11 u 21.5 7.1 0 0 
(OC)s W[11 1-PPh2C(=CH2)PPh2] t:.i:i 22.5 7.0 0 0 
(OC)sW[111-PPh2CH2P(p-tol)2] t:.io 21.9 7.0 0 3.2 
(OC)sW[111-P(p-tol)iCH2Ph2] 1:.io 21.7 7.1 0 2.9 
(OC)s W[11 1-P(p-tol)iCH2P(p-tol)2] w 21.8 6.9 0 2.8 
(OC)s W[ 11 1-PPh2CH(PPh2)CH2PPh2] 11 is 23.7 6.5 0 3.9 
(OC)sW[Tl 1-PPh2CH2CH( PPh2)2] 110 23.l 7.3 0 0 
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Table 8. Selected bond distances( A 0) and bond angles(0) of C:nH29 W05P3, 2. 
atom atom distance atom atom distance 
WI PI 2.5194(8) WI Cl 1.990(3) 
WI C2 2.023(3) WI C3 2.030(3) 
Wl C4 2.050(3) WI C5 2.038(3) 
PI C6 I .825(3) Pl Cl2 1.831 (3) 
PI C25 I .833(3) P2 C12 1.858(3) 
P2 C13 1.839(3) P2 C19 1.837(3) 
P3 C25 1.858(3) P3 C26 1.838(3) 
P3 C32 1.846(3) 01 Cl 1.153(3) 
02 C2 1. 146(3) 03 C3 1.142(3) 
04 C4 1.142(3) 05 C5 1.147(3) 
atom atom atom angle atom atom atom angle 
PI WI C l 175.32(8) PI WI C2 94.56(8) 
Pl Wl C3 91.14(9) PI WI C4 90.53(8) 
PI WI C5 86.83(8) Cl WI C2 89.97( 11) 
Cl WI C3 90.30(12) Cl WI C4 84.97( 11 ) 
C l WI C5 92.19(11) C2 WI C3 86.33( 11) 
C2 WI C4 174.63(11) C2 WI CS 88.00( 11 ) 
C3 WI C4 91.85(11) C3 Wl C5 173.81 
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Table 8 continued 
C4 WI CS 94.01(1 1) Wl PI C6 1 I l.90(1 I) 
WI PI Cl2 I IS.21(9) Wl P l C2S 1 I6.SO(l0) 
C6 P I CI2 103.10(13) C6 PI C2S 103.80(13) 
C12 Pl C2S 104.86(12) C12 P2 Cl3 102.39(12) 
CI2 P2 C19 101.10(12) Cl3 P2 C19 98.98(13) 
C2S P3 C26 101.38(13) C2S P3 C32 99.7I(12) 
C26 P3 C32 99.30( 12) Wl Cl 01 177.6(3) 
WI C2 0 2 176.4(3) WI C3 03 176.9(3) 
W l C4 0 4 l 7S.8(3) WI CS OS 17S.8(2) 
Table 9. Selected bond distances(A0) and bond angies(0) of C42H29W20 10P3, 3 . 
atom atom distance atom atom distance 
WI Pl 2.S401 (8) Wt Cl 2.043(3) 
WI C2 2.037(4) WI C3 2.000(4) 
Wl C4 2.047(4) WI CS 2.032(3) 
W2 P3 2.5226(8) W2 C38 2.049(3) 
W2 C39 2.043(4) W2 C40 2.003(4) 
W2 C4I 2.033(3) W2 C42 2.040(4) 
PI C6 I .822(3) PI CI2 I .835(3) 
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Table 9 continued 
PI Cl8 1.833(3) P2 Cl8 1.864(3) 
P2 Cl9 1.824(3) P2 C25 1.859(3) 
P3 C25 1.835(3) P3 C26 1.831(3) 
P3 C32 1.829(3) 01 Cl 1.136(4) 
02 C2 l.151(4) 03 C3 1.138(4) 
04 C4 l.1 39(4) 05 C5 1.138(4) 
06 C38 l.138(4) 07 C39 1.144(4) 
08 C40 1.138(4) 09 C41 1.141(4) 
010 C42 1.143(4) C6 C7 1.400(4) 
atom atom atom angle atom atom atom angle 
Pl Wl Cl 86.33(9) PI WI C2 99.08(10) 
Pi WI C3 174.81(10) PI Wl C4 88.27( 10) 
PI WI CS 92.68(9) Cl WI C2 91.19(13) 
Cl Wl C3 90.71(13) Cl Wl C4 174.40(13) 
Cl WI CS 88.63(13) C2 WI C3 85.2(1) 
C3 WI C4 94.8(1) C3 WI CS 82.97( 13) 
C4 Wl CS 93.09( 13) P3 W2 C38 89.61 (9) 
P3 W2 C39 91.74(10) P3 W2 C40 179.04(10) 
P3 W2 C4I 176.44(12) P3 W2 C42 9S.17(9) 
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Table 9 continued 
C38 W2 C39 88.01( 13) C38 \V2 C40 91.34( 13) 
C38 W2 C41 176.44( 12) C38 W2 C42 91.57(12) 
C39 W2 C40 88.5( I) C39 W2 C41 89.54(12) 
C39 W2 C42 173.07(13) C40 W2 C41 91.18(13) 
C40 W2 C42 84.6(1) C41 W2 C42 91.18(13) 
WI PI C6 116.89( I 0) WI PI Cl2 116.06(10) 
WI PI Cl8 110.37(10) C6 Pl C12 103.5(1) 
C6 Pl Cl8 105.0(l) CI2 PI Cl8 103.61(13) 
-
Cl8 P2 Cl9 100.7(1) Cl8 P2 C25 94.46(13) 
Cl9 P2 C25 103.4( l) W2 P3 C25 116.85(10) 
W2 P3 C26 117.86(10) W2 P3 C32 l I2.21(10) 
C25 P3 C26 103.2(1) C25 P3 C32 103.0(I) 
C26 P3 C32 101.6(1) WI Cl OI I 77.8(3) 
Wl C2 02 171 .5(3) WI C3 03 I76.5(3) 
Wl C4 04 178.1(3) WI C5 05 173.6(3) 
W2 C38 06 177.9(3) W2 C39 07 175.8(3) 
W2 C40 08 178.2(3) W2 C41 09 178.5(3) 
W2 C42 010 174.3(3) 
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Table l 0. (OC)5 WL complexes for which both tungsten-phosphorus coupling constants 
and tungsten-phosphorus bond distances are known 
Complex 1Jwp (Hz) (OC)s W-P (A 0 ) 
(OC)sW[ri 1-PPh(CH2PPh2h], 2 250.4 2.5 194(8) 
(OC)sW[µ-PPh2CH2PPhCH2PPh2]W(CO)s, 3 245.3 2.540 1(8) 
2.5226(8) .. 
(OC)s W[µ-11 1 ,11i -PbPh(CH2P a.cPh2)]W(C0 )4, 8 249.6 2.5285(10) 
(OC)5WPMe3 230 ll!S 2.516(2) ll~ 
(OC)sWPPh3 244.5 IJU 2.545(1) IJI 
(OC)sW(t-Bu)3 23 1.9 IJ.l 2.686(4) (jj 
( OC)s WPPh2CH2PPh2 245.6 U 4 2.535(2) lj) 
(OC)sW(µ-PPh2CH2PPh2)W(CO)s 246.9 IJ4 2.536(2) IJ) 
2.540(2)135 
(OC)s WWPCl:i 426 IJO 2.378(4) I.I/ 
(OC)sWPBr3 245.9 IJO 2.530(2) IJ/ 
(OC)sW[µ-P(CH3hCH2P(CH3)i] 239.21J!S 2.5 108( 19) IJ!S 
2.5155(19)138 
(OC)s W[ rt' -PPh2CH(PPh2)CH2PPh2] 252.0IJlS 2.5385( 19) IJ!S 
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Table l l. Selected bond distances( A°) and bond angles(0) of C41H29W209P3, 8. 
atom atom distance atom atom distance 
WI P2 2.5285(10) Wl Cl 2.007(5) 
WI C2 2.037(4) WI C3 2.040(5) 
WI C4 2.051(4) WI C5 l.977(5) 
W2 PI 2.4952(10) W2 P3 2.5085(10) 
W2 C6 2.024(4) W2 C7 2.040(4) 
W2 C8 1.980(4) W2 C9 l.994(4) 
Pl ClO l.832(4) Pl Cl6 l.834(4) 
PL C22 1.836(4) P2 C22 l.845(4) 
P2 C23 l.835(4) P2 C29 1.848(4) 
P3 C29 l.845(4) P3 C30 l.828(4) 
P3 C36 l.829(4) 01 Cl l.171(5) 
02 C2 1.143(4) 03 C3 1.147(5) 
04 C4 l.136(5) 05 CS 1.165(5) 
06 C6 1.140(5) 07 C7 l.143(4) 
08 C8 1.159(5) 09 C9 l.156(4) 
atom atom atom angle atom atom atom angle 
P2 Wl Cl 89.34(12) P2 WI C2 91.06(12) 
P2 Wl C3 92.38( 12) P2 Wt C4 88.78(11) 
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Table l l continued 
P2 WI C5 175.7(1) Cl Wl C2 87.4(2) 
Cl WI C3 178.0(2) Cl Wl C4 89.8(2) 
Cl WI C5 88.5(2) C2 Wl C3 91.6(2) 
C2 Wl C4 177.1(2) C2 Wl C5 92.6(2) 
C3 WI C4 91.3(2) C3 WI C5 89.8(2) 
C4 Wl C5 87.4(2) Pl W2 P3 87.16(3) 
PI W2 C6 96.77(11) PI W2 C7 89.88(11) 
Pl W2 C8 91.26(12) PI W2 C9 177.20(1 1) 
P3 W2 C6 86.38(12) P3 W2 C7 96.68(12) 
P3 W2 C8 175.7(1) P3 W2 C9 92.82(11) 
C6 W2 C7 172.8(2) C6 W2 C8 89.8(2) 
C6 W2 C9 86.0(2) C7 W2 C8 87.4(2) 
C7 W2 C9 87.3(2) C8 W2 C9 88.9(2) 
W2 Pl ClO 113.62(1 I) W2 Pl Cl6 119.81(13) 
W2 PI C22 116.65(11) ClO PI C22 100.1(2) 
ClO Pl C22 100.7(2) Cl6 PI C22 103. I(2) 
Wl P2 C22 106.42(12) WI P2 C23 I 15.56(12) 
WI P2 C29 116.76(12) C22 P2 C23 105.0(2) 
C22 P2 C29 107.3(2) C23 P2 C29 104.9(2) 
W2 P3 C29 l I3.89(12) W2 P3 C30 123.04(12) 
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Table I l continued 
W2 P3 C36 112.38(12) C29 P3 C30 102.9(2) 
C29 P3 C36 102. l (2) C30 P3 C36 99.7(2) 
Wl Cl OI 178.1(3) WI C2 02 177.4(3) 
WI C3 03 178.4(4) WI C4 04 177.8(3) 
Wl CS 05 176.1(4) W2 C6 06 I74.9(4) 
W2 C7 07 175.7(4) W2 C8 08 I79.0(4) 
W2 C9 09 177.5(4) PI C22 P2 124.0(2) 
P2 C29 P3 119.5(2) 
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Table 12: Equilibrium constants for the isomerization of (OC)5W[r(PPh(CH2PPh2h], 2 
at different temperature. 
T (°C) 55 40 25 
K 4.85 5.99 8.50 
Table 13. The values of ln Kand l!f for the isomerization of (OC)5W[111.:-
PPh(CH2PPh2h], 2. 
l!f (K-1) 3.05 x 10·3 3.19 x 10-J 3.36 x 10·] 
ln K 1.58 ± 0.01 1.79 ± 0.01 2.14±0.01 
Table 14. The values of .MI°, tis0 and tiG0c29&) for the isomerization of (OC)s W[ 11 1-
Parameter Value 
tiH0 (kJ mor1) -15 ± 1 
tiS0 (J mor1 K-1) -33 ±4 
tiG0c29&) (kJ mor1) -5 ±2 
Table 15. Rate constants and half-lives to equilibrium for the isomerization of 
(OC)sW[111-PPh(CH2PPh2)2], 2. 
Temp. (K) k1 (s- 1) k.1 (s- 1) t112(f) (h) t112(b) (h) tu2 (h) 
298 1.50 (2) e·O 1.76 (2) e·7 128.3 1093.8 115.3 
313 2.47 (2) e·O 4.13 (3) e·' 77.9 466.1 66.6 
328 3.98 (3) e·() 8.21 (5) e·7 48.4 234.5 40.5 
Tables 77 
Table 16. The activation energies for isomerization of (OC)sW[ri1-PPh(CH2PPh2h], 2. 
Parameter Value 
Ea (f) (kJ mor1) 26 ± 1 
Ea (b) (kJ mor1) 41.3 ± 0.2 
Table 17. The values of Aft, ~S#, and ~G# isomerization of 
(OC)sW[111-Ph(CH2PPh2)2], 2. 
Parameter value 
~H"r (kJ mor1) 23 ± 1 
~H"b (kJ mor1) 39 ±3 
m(klmor1) -15 ± 1 
~S#r (J mor1 K"1) 
-220± 3 
~S#b (J mor1 K-1) 
-187 ± 1 
~S (J mor1 K- 1) -33 ±4 
~G#r (kJ mor1) 106 ± 1 
~G#b (kJ mor1) 112 ± 3 
~G (kJ mor 1) -5 ± 2 
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Table 18. Rate constants for isomerization of tungsten complexes. 
Isomerization Temp. (K) K k1 (s.1) k_1 (s. 1) 
Reaction ( 11) 298 8.50 1.50 (2) e-0 1.76 (2) e·' 
Reaction (13) 298 4.74 1.18 (I) e·:> 2.50 (I) e-0 
Reaction (14) 298 a a a 
Reaction ( 15) 298 b 2.03 (6) e·IS 1.25 (6) e-IS 
Reaction ( 11) 313 5.99 2.47 (2) e·O 4.13 (3) e-' 
Reaction (13) 313 3.76 7.9(3) e·:> 2. 1 (I) e·) 
Reaction (14) 313 a a a 
Reaction (15) 313 b a a 
Reaction ( 11) 328 4.85 3.98 (3) e·O 8.21(5) e-' 
Reaction (13) 328 3.01 3.7 (3) e-4 1.2 (2) e-4 
Reaction (14) 328 2.00 2.34 (2) e-0 1.17 (1) e-0 
Reaction (15) 328 2.4 2.03 (6) e·IS 1.25(6) e·IS 
a equilibrium reaction still in progress, b reaction rate was too slow to measure 
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Table 19. Crystallographic. and Experimental data for (CO)sW[T)1-PPh(CH2PPh2h], 2. 
Empirical Formula C31WP3H290s 
Formula Weight 830.40 
Crystal Color, Habit colorless, cut block 
Crystal Dimensions 0.31 *0.41 *0.21 mm 
Crystal System tetragonal 
Lattice Type I-centered 
a 32.902(3) Au 
c 12.681(2) Au 
v 13727.7(22) AU J 
Space Group I4i/a(#88) 
Z Value 16 
Deale 1.607 g/cmj 
Fooo 6560.00 
µ(MoKa) 35.51 cm-1 
Diffractometer CCD 
T - 120 ± 1° C 
Radiation MoKa (A.= 0.71069 Au) 
Graphite monochromated 
Detector Aperture 94 mm* 94mm 
Detector Position 50.00 
Tables 80 
Table 19 cont. 
Detector swing angle 28.00U 
20max 56.6° 
No. of Reflections Total 52876, Unique 8787 (Rint = 0.031) 
Corrections Lorentz-polarization, Analytical 
.. 
Structure Soluttion Direct Methods (SHELX97) 
Refinement Full-matrix least-squares on F-z 
Function Minimized L w (Foi-Fci)i 
Least Squares Weights l/crz(Fo) = 4Foil cri(Fo)i 
p-factor 0.0000 
Anomalous Dispersion All non-hydrogen atoms 
No. Observations (1>3.00cr(O) 6565 
No. Variables 415 
Reflection/Parameter Ratio 15.82 
Residuals: Rl; wR2 0.030; 0.038 
Goodness of Fit indicator 1.34 
Max Shift?Error in Final Cycle 0.03 
Max peak in Final Diff. Map 1.10 e·/A0 3 
Min peak in final Diff. Map - 0.79 e·/A0 3 
Tables 81 
Table 20. Crystallographic and Exp. data for (C0)5W[µ-PPh2CH2PPhCH2PPh2]W(C0)5, 3. 
Empirical Formula C42\1V2f>3lI29()10 
Formula VVeight 1154.31 
Crystal Color, Habit colorless, block 
Crystal Dimensions 0.13*0.24*0.26 mm 
Crystal System triclinic 
Lattice Type f>rimitive 
a 11.7988(12) Au 
b 13.651(1) A 0 
c 14.579(2) Au 
a 102.148(2) Au 
'Y 107 .335(2) Au 
v 2031.4(4) AUJ 
Space Group f>-1 (#2) 
Z Value 2 
Deale 1.887 g/cmj 
Fooo 1108.00 
M(MoKa) 58.41 cm·1 
Diffractometer CCD 
T - 120 ± lu C 
Detector f>osition 50.00 
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Table 20 cont. 
Radiation MoKa (A.= 0.71069 A0) 
Graphite monochromated 
Detector swing angle 28.00° 
29max 56.5° 
No. of Reflections Total 18327, Unique 9414 (Riot= O.OIQ) 
Corrections Lorentz-polarization, Analytical 
' 
absorption correction (SHELXSTL) 
Structure Soluttion Direct Methods (SHELX97) 
Refinement Full-matrix least-squares on F' 
Function Minimized :E w (Fo4-Fc')L. 
Least Squares Weights l/cr4(Fo) = 4Fo4/ cr"'(Fo)4 
p-factor 0.0000 
Anomalous Dispersion All non-hydrogen atoms 
No. Observations (l>3.00cr(D) 8025 
No. Variables 514 
Reflection/Parameter Ratio 15.61 
Residuals: R I; wR2 0.020; 0.041 
Goodness of Fit indicator 1.62 
Max Shift?Error in Final Cycle 0.00 
Max peak in Final Diff. Map 1.25 e-/A0 3 
Min peak in final Diff. Map - 0.97 e-/A0 3 
Tables 83 
Table 21.Crystallographic.and Experimental data for (C0)5W[µ-ri'.ri2-PPh(CH2PPh2)]W(C0)4, 8 
Empirical Formula C41W2P3H2909 
Formula Weight 1126.30 
Crystal Color, Habit colorless, block 
Crystal Dimensions 0.31*O.l9*0.26 mm 
Crystal System triclinic 
Lattice Type Primitive 
a 9.647(1) Au 
b 11.567(2) Au 
c 18.726(3) A 0 
a 95.383(2) Au 
p 94.288(2) Au 
"{ 102.280(2) Au 
v 2023.2(5) A0 j 
Space Group P-1 (#2) 
Z Value 2 
Deale 1.849 g/crnj 
Fooo 1080.00 
µ(MoKa) 58.60 cm·1 
Diffractometer CCD 
T - 120 ± lu C 
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Table 21 cont. 
Radiation MoKa (A. = 0. 71069 A 0) 
Graphite monochromated 
Detector Position 50.00 
Detector swing angle 28.00U 
28max 56.5u 
.. 
No. of Reflections Total 18738, Unique 9385 (Rint = 0.024) 
. 
Corrections Lorentz-polarization, Analytical 
absorption correction (SHELXSTL) 
Structure Soluttion Direct Methods (SHELX97) 
Refinement Full-matrix least-squares on Fl 
Function Minimized :E w (Fol-Fcl)l 
Least Squares Weights 1/a\Fo) = 4FoLI aL(Fo)L 
p-factor 0.0000 
Anomalous Dispersion All non-hydrogen atoms 
No. Observations (1>3.00acn) 7809 
No. Variables 496 
Reflection/Parameter Ratio 15.74 
Residuals: Rl ; wR2 0.023; 0.048 
Goodness of Fit indicator 1.67 
Max Shift?Error in Final Cycle 0.00 
Max peak in Final Diff. Map 1.81 e-/Au J 
Min peak in final Diff. Map - 0.92 e-/Au J 
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The thermodynamic and kinetic data of isomerization of2 and 1 
l. Plot In K vs l/T (Fig. 45) 
l/T (K-') lnK 
3.05e-003 l .58e+OOO 
3.19e-003 1.79 e+OOO 
3.36e-003 2.14 e+OOO 
Slope = {l.82(0.16)e+003}; Intercept= {-3.9(0.5)e+OOO} 
2. Concentration plot of two isomers at 55 °c (Fig. 46) 
Time (sec) (2] (1] 
O.OOe+OOO l .OOe+OOO O.OOe+OOO 
3.98e+004 6.93e-001 3.07e-001 
l.03e+OOS 6.64e-001 3.3 le-001 
l .73e+005 5.35e-001 4.65e-001 
l.93e+005 5.04e-001 4.96e-001 
2.56e+005 3.89e-001 6.12e-001 
2.89e+005 3.70e-001 6.30e-001 
3.40e+005 2.95e-001 7.05e-001 
4 .29e+005 2.69e-00 1 7.31e-001 
4.62e+005 2 .35e-001 7.65e-001 
5.18e+005 2.36e-001 7.64e-001 
6.09e+OOS 2 .22e-001 7.78e-001 
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3. Concentration plot of two isomers at 55 °c (Fig. 47) 
Time (sec) [1] (2] 
O.OOe+OOO l.OOe+OOO O.OOe+OOO 
2.64e+004 9.88e-001 l .18e-002 
7.77e+004 9.58e-001 4.23e-002 
9.66e+004 9.44e-001 5.64e-002 
l .16e+005 9.37e-001 6.28e-002 
I l .67e+005 9.02e-00l 8.8le-002 
3.35e+005 8.75e-001 l .25e-001 
4.22e+005 8.5 l e-001 1.49e-001 
4. Concentration plot of two isomers at 40 °c (Fig. 48) 
Time (sec) (1] [2] 
O.OOe+OOO 8.29e-001 l.7le-001 
l .95e+004 8.36e-001 l .64e-001 
2.85e+004 8.40e-001 l.60e-001 
9.2le+004 8.4 le-001 1.59e-001 
l.73e+005 8.44e-001 l.56e-001 
2.53e+005 8.47e-001 l.53e-001 
3.53e+005 8.49e-001 l .SOe-001 
6.41e+005 8.52e-001 l.48e-001 
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Plot 4 contd. 
7.79e+005 8.54e-001 l.46e-001 
l.3 le+006 8.57e-OO l 1.43e-OO l 
5. Concentration plot of two isomers at 25 °c (Fig. 49) 
Time (sec) [1] (2] 
O.OOe+OOO 8.68e-001 l.32e-OO l 
l .92e+004 8.73e-001 l.27e-001 
I 1.76e+005 8.75e-001 1.25e-001 
l.85e+005 8.78e-001 l .22e-001 
3.72e+005 8.82e-001 l.18e-001 
7.07e+005 8.86e-001 l.14e-001 
l .22e+006 8.91e-001 l .09e-001 
l.77e+006 8.93e-001 l.07e-00l 
6. The plot of ln {[2] - [2]eq}/ {[2]in - (2]eq} versus time at 55 °c (Fig. 50) 
Time (sec) ln {[2] - [2]eq}/ {[2]in - [2]eq} 
O.OOe+OOO O.OOe-000 
3.98e+004 -4.60e-001 
l.03e+005 -5.20e-001 
l.73e+005 -8.20e-001 
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Plot 6 contd. 
l.93e+005 -9. l Oe-00 l 
2.56e+005 
-l .33e+OOO 
. 
2.89e+005 -l .42e+OOO 
3.40e+005 -l.89e+OOO 
4.29e+005 -2.12e+OOO 
4.62e+005 -2.54e+OOO 
6.09e+005 -2.78e+OOO 
Slope= {-4.75(0.26)e-006}; Intercept= {-9.54(8. lO)e-002} 
7. The plot of ln {(2] - [2]eq}/ {[2]in - (2]eq} versus time at 40 °c (Fig. 51) 
Time (sec) In {(2] - (2]eq}/ {(2]in - (2]eq} 
O.OOe-rOOO O.OOe-000 
l.95e+004 -2.75e-001 
2.85e+004 -4.66e-001 
9.2le+004 -5.56e-001 
l .73e+005 -7.34e-001 
2.53e+005 -9.97e-001 
3.53e+005 -l.29e-000 
6.4le+005 -l.70e-OOO 
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7.79e+005 -2.20e-OOO 
1.31 e+006 -4.24e-OOO 
Slope= {-2.89(0.16)e-006}; Intercept = {-l.90(8.79)e-001} 
8. The plot of In {(2] - [2].:q }/ {[2]in - (2].:q} versus time at 25 °c (Fig. 52) 
Time (sec) In {(2] - (2]eq}/ {(2]in - (2]eq} 
O.OOe+OOO O.OOe-000 
l.92e+004 -2. lOe-001 
l .76e+005 -2.91e-001 
l.85e+005 -5.07e-001 
3.72e+005 -7.58e-001 
7.07e+005 -l. l 9e-OOO 
l.22e+006 -2.04e-OOO 
l.72e+006 -3.03e-OOO 
- . -- . ·-·-·-·· ··- ·-
Slope= {-l.67(0.06)e-006}; Intercept= {-8.56(4.70)e-002} 
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9. The plot of lnk1 vs Irr (Fig. 53) 
I 1 'T (K" 1) lnk1 
I 
3.05e-003 -l .24e+001 
3. l 9e-003 -l.29 e+OOI 
3.36e-003 -1.34 e+OOl 
Slope = {-3 . l 5(0.14)e+003}; Intercept= {-2.83(0. l O)e+OOO} 
I U. The plot of lnk. 1 vs l/T (Fig. 54) 
I l/T (K"') Lnk.1 
3.05e-003 -l.40e+001 
3. l 9e-003 - 1.47 e+OOI 
3.36e-003 -1.56 e+OOl 
Slope = {-4.97(0.03)e+003}; Intercept= { l. l 5(0.07)e+OOO} 
11 . The plot of In (k1/T) versus 1/T(Fig. 55) 
1/T (K"') In (k1/T) 
3.05e-003 -l.82e+001 
3.19e-003 -1.87 e+OOl 
3.36e-003 -1.9 l e+OO l 
Slope= {-2.83(0. 12)e+003}; Intercept= {-9.60(0.39)e+OOO} 
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12. The plot of ln (k..1ff) versus l/T(Fig. 56) 
lff (K- 1) ln (k.1/T) 
3.0Se-003 -l.98e+001 
3.19e-003 -2.04 e+OOl 
3.36e-003 -2.13 e+OOl 
Slope= {-4.65(0.38)e+003}; Intercept= {-5.63(0.12)e+OOO} 
